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PREFACE 


Lighting Cibctjits and Switches has been prepared to 
satisfy the demand for a practical reference book on this 
subject. It shows and discusses those circuits and connec¬ 
tions, and their applications, a knowledge of which is, at 
some time or other, required by practically every man who is 
in any way concerned with electric lighting. Although the 
simpler circuits and their descriptions have been included, the 
important function of the book is to record diagrams and 
explanations of the more complicated circuits and control 
methods—with which relatively few men are familiar and 
which are, in any case, easily forgotten. 

This information has been collected from many sources. 
Most of it is from the author’s personal notebook and data 
files which have been accumulated during an extended period. 
Some has been furnished by switch and apparatus manu¬ 
facturers. Practical electrical workers, teachers, engineers in 
our own and other organizations and many others have all 
contributed. 

Throughout, the policy has been to endeavor to convey with 
pictures the necessary information to the reader. It follows 
therefore that the work consists largely of diagrams and draw¬ 
ings of the different circuits, switches and switching methods. 
These have, where feasible, been so rendered as to be self- 
evident. But, in addition, they have been supplemented 
with explanatory text. 

The material relates almost wholly to electric-lighting cir¬ 
cuits and switches, for interior building applications, operating 
on low-potential (less than 600 volts) systems. Most of the 
matter concerns 110-220 volt, two~ or three-wire systems. 
Some data which relates to electric-heating circuits and 
switches has been included. The principal National Elec¬ 
trical Code rules, which concern the subjects under discus¬ 
sion, are interpreted in the proper places. How to comply 
with these Code rules is explained. 
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PREFACE 


Certain of the circuits and diagrams have no direct practical 
application—^they are shown to illustrate principles. These 
prmciples and the ideas which they will suggest can often be 
effectively employed in the solution of unusual circuit-control 
problems. 

In the opening divisions of the book, the different circuit 
components, such as circuit elements, switches and similar 
appliances are defined and explained. Then, those National 
EL eCTRiCAL Code rules which apply are discussed. This 
introductory material is followed by the divisions which treat 
the circuits of the different types such as Single- and MuUi- 
pole Switch Circuits, Three- and Four-way Switch Circuits, 
Master or Emergency Circuits, Electrolier and Heater Srvitch 
Circuits and Remote-controlled, Door and Time Switch Circuits. 

The closing division discusses Theatre Lighting Circuits 
and includes a complete specification for the electric lighting 
of a modern theatre. Theatre-lighting control has, of late, 
become a subject of considerable importance and complexity. 
This is because of the exacting requirements for theatre¬ 
lighting installations which are now enforced by the producers, 
the public and the National Electrical Code. The pro¬ 
ducers and the public demand the most-comprehensive color 
and lighting effects, which involve rather-intricate and expen¬ 
sive lighting circuits and switching and dimming equipment. 
The Code insists that the fire hazard be a minimum. Both of 
these aspects have been treated carefully. 

Terrell Croft. 

Univebsitst City, 

St. Louis, Missoubl 
Fettrmry, 1923 . 
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LIGHTING CIRCUITS AND 
SWITCHES 

DIVISION I 

CIRCmT AND SWITCH NOMENCLATURE 

1. Ciituit And Switch Nomenclature Should Be Thoroughly 
Understood before proceeding with the study of circuits and 
switches. Accordingly, different circuit components and 
various classifications and types of switches which may be 
employed in an electric-light wiring interior installation are 
defined in the following sections. These definitions are in 
conformity with the generally-accepted meanings of the words, 

2. An Electric Circuit Is Defined (Fig. 1) as the complete 
path of an electric current including, usually, the generating 


•AC^nemfor 



Pxo 1 —Illustrating various electrical circuits (Closed circuit, CBDAC External 
circuit, BBA Internal circuit, AC B, Open circuit, O. Short circuit, S ) 

device; also, by extension, any portion of such a path. The 
complete path is often spoken of as a dosed drcwU. When its 
continuity is broken so that a current can no longer pass, the 
circuit is then said to be an open or broken circuit. An external 
cireuit (Fig. 1) is that portion of the complete circuit external 
to the source of energy. An internal cireuit (Fig. 1) is that 
portion of the circuit which is within the source of energy. 

Nona .—k Shobt-ctbcott (Fig. 1) is said to exist when two sides 
(Sec. 11) of an electrical circuit which are at different potentials are 
connected, one to the other, by a conductor of relatively low resistanoe. 
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may be a generating or a sub-station, or, in the case of building 
or house wiring, it may be a connection (0, Fig. 2) to the 
service conductors from the street. 

4. A Sub-feeder, {B, Figs. 2 and 3) is an extension of a 
feeder, or (Fig. 3) of another sub-feeder, connecting one dis¬ 
tribution center to another, and having no other circuit con¬ 
nected to it between the two distribution centers. 

5. A Main (M, Figs. 2, 6, and 4) is any supply circuit to 
which other energy-consuming circuits (sub-mains, branches, 
or services) are connected through automatic cutouts (fuses 
or circuit breakers) at different points along its length and 
which has no cutouts in series with it in its entire length. 


$er)erafor (Source Of tnera 




Fio. 4.‘-<Showing a main feeding direct from a generator. (No feeder in oirouit.) 


Note.—Where A Main Is Scppued Br A Feeder, the main is 
frequently of a smaller-diameter wire than is the feeder which serves it. 
An energy-utilizing device is never connected directly to a main; a cut¬ 
out always being interposed between the device and the main. 

6. A Sub-main («S, Fig. 3) is a subsidiary main, fed through 
a cutout from a main, or from another sub-main, to which 
branch circuits are connected through cutouts. A sub-main 
is usually of smaller wire than is the main or other sub-main 
which serves it. 

7. A Branch, Or Branch Circuit, (E, Figs. 2, 3 and 4) is a 
set of conductors which is fed through an automatic cut¬ 
out (from a distribution center, main or sub-main) and to 
which one or more energy-consuming devices are directly con¬ 
nected, without the interposition of additional cutouts. The 
only cutout associated with a branch is that through which 
the branch is fed at the main, sub-main, or distribution 
center. 

8. A Tap, Or Tap Circuit, (T, Figs. 2 and 3} is a circuit 
serving a single energy-utilizing device which is connected 
directly to a branch -without the interposition of a cutout. 
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9« A IHstribution Center, Figs. 2 and 5) (also sometimes 
called a distribrding center) in an electrical-energy-distribution 
system, is the location at which a feeder, sub-feeder, main or 
Bub-main, connects to the subordinate circuits which it serves. 
The switches and automatic cutouts (fuses) for the control 
and protection of the sub-circuits are, usually, grouped at the 
distribution center. In interior-wiring parlance, a distribu- 





reecfen 
5ub Feeaer 
Or Mam 


tion center is often an ar¬ 
rangement or group of fittings 
whereby two or more minor 
circuits are connected at a 
common location to another 
larger circuit. A panel box 
or a group of porcelain cut¬ 
outs is a distribution center; 
see Fig. 5. 


r Pane! dox 
Or Cabinet 





Fig 6—A distnbution center Fia 6—IlluBtratmg definition of m 

««rwcf 


10. A Service, Or A Service Connection, (Fig. 6) is a set of 
conductors constituting an overhead or an underground con¬ 
nection between conductors in a thoroughfare (as a main 
belonging to a public service corporation) and those of an 
interior or isolated wiring system, A service serves the wiring 
system with energy. 

Note.—Circuit Nomenclature Is Governed To A Considerable 
Extent, By Distribution Centers And Cutouts. Compare Figs 2 
and 3. By omitting, the distribution center at P, Fig. 3, the sub¬ 
feeder B of Fig. 3 IS thereby changed to a main. By omitting the 
cutouts, C, Fig. 3, the mam becomes a branch; and the sub-main is changed 
to a tap. 













Sac. 11] DEFINITIONS AND NOmiNCLATURE 


6 


11. A Leady A Leg, Or A Side, Of A Circttit may be defined 
as any part of either one of the conductors between the source 
of electrical energy and any energy-consuming device. 


Example. —A Lead is illustrated 
the earth is considered to be one 
side of the circuit. jh> an auto¬ 
mobile lighting and ignition svs- 
tem which employs a one-wire^* 
circuit, the metallic frame of the 
chassis is termed a lead. The 
meaning of the terras lead, leg, 
and side are synonomous and are 
used interchangeably. 


in Fig. 7. In ground-return circuits, 



Fia. 7.—IlluBtratinK meaning of lead, leg, 
or side of an elertrical circuit. 


12. A Side Circuit, which is a term applied to a three-wire- 
neutral system, is a circuit comprising one outside or potential 
wire, the neutral conductor, and the receivers connected be¬ 
tween them. The neutral may, or may not be grounded. 
Thus, every three-wire-ncutral system has two side circuits 
(AON and NPB, Fig. 8). 



Fio. 8.—Direot-ourrent, three-wire system. (In a single-phase alternating-current, 
three-wire system, the polarities of the outside wire change from instant to instant as the 
current alternates in the direction But at the instant shown one outside wire is nega¬ 
tive the other outside wire is positive.) 

13. A Phase-wire is any one of the conductors of a polyphase 
alternating-current circuit. 

Note.—“Phase” Is A Term Which Is Frequently Erroneously 
Applied to a phase-wire. Strictly speaking, the term pAoae when used 
in alternating-current terminology refers to time. 

14. A Traveler May Be Defined (Fig. 9) as; Either of the 
conductors (wires) which connect together two switches (such 
as two three-way switches, or a three-way and a four-way 
switch, Div. 5) and which do not directly connect to an energy¬ 
consuming device, nor to a conductor on which a voltage 
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iionoally exists. In the usual installation, only one of the 
traveler connecting any two switches carries current at any 
one time. 



16. Restricted Control of a lighting circuit is a control such 
that only one lamp of two or more lamps which are all on the 
same branch circuit—or only one group of lamps of two or 
more groups which are all on the same branch circuit—can be 
lighted at any one time. 



Pio 10 —Single-line diagram—one line represents all of the wires of a mrouit to illus¬ 
trate definition of “reetnoted control ’* (Only one of the lamps, j 4, or C, can be 
lighted at any one time ) 

Explanation. —That is (Fig, 10), restricted control permits that only 
lamp Af lamp B or lamp C, can, at any one time, be lighted. 

16. Selective Control of a lighting circuit is a control such 
that all possible combinations of two or more lamps, or two or 
more groups of lamps, on the same branch circuit may be 
lighted simultaneously. 



Fxo 11—Single-line diagram to illustrate meaning of selective control (Selec¬ 
tive control IS provided if, SI, enables each of the following combinations to be obtained 
at any one time: All lamps off all lamps on, A off, B and C on; J? off, A and C on, C off, 
A and B on, A and B off, C on, A and C off, B on; B and C off, A on. 'HieBO are all of 
the possible combinations for three lamps ) 

Explanation. —That is (Pig. 11) selective control is provided by the 
switch if the connections are such that each of the followmg combinations 
may be obtained at any one time: (1) All lamps off. (2) All lamps on 
(3) A off, B and C on. (4) B off, A and C on. (6) C off, A and B on. 
(6) A and B off, C on. (7) A and C off, B on (8) B and C off, A n.o 


S»c. 17J DEFINITIONS AND NOliiENCLATVRS 1 

17. Restricted-selectiTe Control of a lighting circuit 19 a 
contrd of two or more lamps, or groups of lamps, on the same 
branch circuit by some arrangement which enables more than 
one lamp, or group of lamps, to be lighted at one time but 
does not provide for all of the possible combinations. It is 
therefore something between restricted control (Sec. 15) and 
selective control (Sec. 16) 

EXPI.ANATION.—Restricted-selective control may be said to obtam 
when the connections are such (Fig. 12) that at any one time, only: 
Lamps A and B may be lighted with C off; all lamps may be lighted; aU 
lampn may be turned off. It should not be assumed that this is the only 
combination obtainable with three lamps or three groups of lamps, which 

— 

'Circuit Wilts 

Fxo. 12.—Single-line diagram to illustrate definition of restncted-aeleotive control. 
(Connections are such that only the following combinations are available, A and B 
lighted, C off, all lamps on; all lamps off ) 

can properly be termed restricted-selective control. Any sequence of 
any combination of two or more lamps which is not strictly restricted 
control (Sec. 16) or selective control (Sec. 16) is restricted-selective control. 
Restricted-selective control is also sometimes called electrolier control. 

18. A Switch May Be Defined as: A device which is 
primarily designed for making (closing) and breaking (opening) 
electric circuits. 

19. S 3 rmbols Of The Various Types Of Those Switches And 
Energy-consuming Devices which are most frequently ^lsed 
in the wiring diagrams contained in this book are shown in 
Figs. 13 and 14. 

20. Electric Lighting Switches May Be Classified In Accor¬ 
dance V^th Four Different Characteristics (see Table 21): (1) 
Blade mechanism. (2) Operating method. (3) Mounting 
design. (4) Circuit connections. Table 21 indicates how these 
various classifications interrelate in commercial electric 
lighting switches. All of the terms used in Table 21 are 
defined in subsequent sections. Also certain other switch- 
parlance terms, which are used in commercial catalogues and 
literature but which cannot logically be shown in the table, are 
also hereinafter defined. 
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I- Conductors 
Not Connected 


M ^ -n_n_r 

I y hghfed BEf/nauaheet ^ 

I-Conductors IS-Heater 

Connected M-Incandescent Lamp _ (Resistance) 

Point Switches 







X-5in9le*Roint 3tt“Single Point* 331-Two Point SH’Three Point It-Four Point 
Closed Open Closed Closed Open 

Rotary Snap Switches ( Surface Or Flush) 







X-Sir^le-Pole XI" Single Pole Xil'Double Pole Xffi'DouHc Pole XH-Electroller 
Closed Open Closed Open 







XST-Three Way XStt-Three-Way XSE-FburVfay XZItt-Four-Y/ay XK-Three-Pole 

Position 1 Position 2 Position 1 Position 2 Closed 


U /^efa/fic U 
uConnecfion^ 
"^defmert 

^iPwerOKk^ 

Blades'W 


Position 1 Position 2 Position 3 Position 4 

XXrTypical Multi-Deck Switch (Electrolier And Senes-Parallel) 
Push-button Snap Switches (Surface Or Flush Oscillating blade) 





Xn-5ingle-We XXU'Smge Pole XXDI*Doubi^le 
Closed Open Closed 



fDouble-hile 

Open 


^hree-Wby 
Position 1 


XZSZX-Three^Yby XODI*Four*Vfoy XSZDPFottr-Wiw 
PteittenZ Piositlonl Position 2 


XSXrMomentary Contact. 
Open Closed 


Fio. 13—Wiring-diagram symbols. 
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Knife Switthee 


Ti—if 

C/osefi! Open 

23QL-Single-Pole, Single-Throw 



Ti-if 


J C hseef *- -» Open 

SOCn-Double-Pole. Single Throw 







three-pole Single throw 


j f— 

fb sifionl PosifKm 2 

HXni-Stngle-Pole, Double-Throw 



ZX^-’Two-Pole, Double Throw 



_ Chserf Open 

33X2“ Three-Pole, Double-Throw 


Fu. 14 —Wiring diagram symbols (Continued from Fig Id ) 


21. Table Showing Classification Of Electric Lighting 
Switches. (Tabulating switches of different types as they are 
manufactured.) 


Blade mechaiusni 

Operating 

methods 

Mounting design 

Circuit connect ons 


Rotary-button 

Surface, flush 

1-, 2-, and 3-polc. 3- 
and 4-way, eleetro- 
Inr, and series-para¬ 
llel 

Revolving blade 

Push-button 

1 

Surface, flush, pen¬ 
dent straight- 
through 

1-, and 2-pole, 3- and 
4-way, electrolier, 

series-parallel; and 
momentary contact 


Pull 

Surface, flush, pen¬ 
dent 

Same as above 


Toggle-lever or I 
tumbler. 

Surface, flush, pen¬ 
dent 

Same aa above 

Oscillating blade 

Push-button 

Surface, flush, pen¬ 
dent 



Straight-through 

1-pole 

Knife blade 

Knife-handle 

Surfact 

1-, 2-, 3-, and 4-pole, 
single- and double¬ 
throw 

Lever blade 

Rotary-button, 

knife-handle 

Surface 

1-, 2-, 3-. and 4-point, 
etc 

Reciprocating blade 

Push-button 

Surface, pendent 

1-pole 
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22. Electric Lighting Switches Ma 7 Be Further Classified 
As To Blade Mechanism into: (1) Revolving-blade switches. 
(2) OscMahng-blade switches. (3) Knife-blade switches. (4) 
Lever-blade switches. (5) Redprocaiing-blade switches. 

23. A Revolving-blade-mechanism Switch Is Defined, 
(Fig. 15) as the term is used in this book, as a switch the con- 



Fio 15—Illustrating oporstion of re- Fiq 16—Rotary surface “snap'* switch, 
volvmg- (rotating-) blade switch 


tact blade or blades of which are pivoted at their centers and 
when operated turn always in the same direction. The 
ordinary surface “snap” switch (Fig. 16) affords an illustration 
of this type of blade mechanism. 



Fig 17 —Illustrating definition of os- Pio 18 —Illustrating definition of knife- 

cillating-blade switch inechanisn^ blade mechanism switch. 


24. An Oscillating-blade-mechanism Switch Is Defined 

(Fig. 17) as one, the blade or blades of which are pivoted on a 
central axis located midway between the blade ends and 
which are oscillated in a plane at right angles to the axis when 
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the switch is operated. Many flush push-button switdies 
employ blade mechanisms of this type. 

26. A Knife-blade-mechanism Switch Is Defined (Fig. 18) 
as one the contact blade (blades) of which is (are) pivoted 
at one end on an axis (cpmmon axis) and swings (swing) in 
a plane (planes) perpendicular to the mounting base of the 
switch. The blade of a knife-blade mechanism switch is 
hinged at one end like the blade of a jack-knife. The ordinary 
knife switch (Fig. 18) illustrates this mechanism. 

26. A Lever-blade-mechanism Switch May Be Defined 
as one the blade of which is so pivoted at one end that, when 



]II*Thr»e-Pomt Switch JV-Four-Point Switch 

Pig 19 —Singlcnpoint^ two-pomt, three-point and four-point switches 

the switch is operated by the handle at the other end, this 
handle-end swings in a circle in a plane parallel to the base 
and contacts with buttons or jaws located on the circumference 
of the circle. See Fig. 19. The one-, two-, three- and four- 
point switches employ blade mechanisms of this type. 
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27. A Reciprocating-blade Mechanism Switch (Fig. 20) is 
one the blade of which is shifted to and fro longitudinally in 
a straight line when the switch is operated. 

Explanation^.—In The Reciprocating-blade Switch Mechanism, 
Fig. 20, the cylindrical ‘*knob,” is integral with the metal button, Af, 
so that when M is pushed in or pulled out, K moves with it. The spring,. 
#S, is an ordinary coil spring which has its two ends tied together, so that 
it is in the shape of a ring. This ring-shaped spiral spring encircles, and 
its inner circumference always presses against the cylindrical surface of K. 
At /, the spring, S^ being under tension, tends to contract—decrease its 
diameter—and thereby forces K to the right and holds the blade, R, 
in the position shown. The blade B is not attached to K* 



Fw. 20.—Reciprocating-blacle-mechaniBni switch for automobile lighting. {Cutler 

Hammer Mfg. Co,) 


At //, M has been pulled outward to the middle position. The 
harrell-shaped knob, A', having been pulled through the spring, 
increased the diameter of R, thus producing an additional tension in the 
spring. 

As soon as M is drawn a little further outward (to the left) than is 
shown at 77, then the point of maximum diameter of K will be on the 
left-hand side of the spring. Since the spring is under tension it will tend 
to decrease its diameter. This forces S to slide along K to the right— 
toward a point of smaller diameter. The spring in sliding along if, 
strikes the cross-piece C, which is fastened to the blade, R, and it thereby 
carries R to the right and causes R to contact with the jaws, J, as shown 
at 777. Thus, the switch is closed. In opening the switch, the operation 
is substantially the reverse of that just described. 

28. Electric Lighting Switches May Be Further Classified 
As To Operating Method into (Table 21): (1) Rotary-huUon 
switches. (2) Push-button switches, (3) Pull-switches, (4) 
Toggle-lever or tumbler switches, (5) Knife-handle switches. 
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29. A Rotazy-'button Switch (Fig. 16) is defined as one the 
operation of which is effected by turning a button. 

30. A Push-*button Switch (Fig. 21) is defined as one the 
operation of which is effected by pushing a 
button. Some switches of this type have 
only one button while others have two (see 
Div. 2.) 

Note.—Pubh-botton Switches Are Manu¬ 
factured In Both The Surface And Flush 
Types; and, as shown in Table 21, may have either 
revolving-blade or oscillating-blade mechanisms. 

However, rotary-button switches are usually made 
(with revolving-blade mechanism) in the surface type, 
and push-button switches in the flush type 

31. A Pull-switch is one (Fig. 22) the opera¬ 
tion of which is effected by pulling a chain p, o, 21 —Flush 
or cord. Usually one pull on the chain closes switch of the puah- 
the switch and the next pull opens it. 



32. A Toggle-lever Or 
Tumbler Switch (Fig. 23) is 
one which is operated by 
moving a small lever which 
extends from the switch. 




Fxa. 22.—Ceiling-type pull-BWitch Fio. 23 — Flush toggle or tumbler 

switch and switch plate, with switch box 
removed. 


S3. A Knife-handle Switch (Fig. 18) is one which is 
operated directly by a handle which is attached, without 
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intervening mechanism, to the swinging end of the switch 
blade or blades. This operating method is principally 
employed for knife-blade switches. 

34. Electric Lighting Switches May Be Further Classified 
As To Mounting Design into: (1) Surface switches, (2) Flush 
switches. (3) Pendent switches. (4) Straight- 
through switches (see Table 21). 

35. A Surface Switch (Figs. 16 and 22) 
is one which is designed primarily for 
mounting on an exposed surface and which 
is so made that none of it extends inward 
through the surface. See Table 21 for 
variations in the application and design. 

36. A Flush Switch (Fig. 21) is one which 
is designed primarily for installation in, and 
so that its outer face will be practically 
flush with, the surface of a wall or 
partition (see Secs. 101 and 146). 

Note.—The Terms ^^Surface" Ani> “Flush^^ 
As Used In Switch Nomenclature are usually 
applied to switches of the ‘‘snap” tyi)e 

37. A Pendent Switch (Fig. 24) is one which is designed for 
installation on the end of a flexible cord which usually hangs 
suspended from some point above. 


fmrf 

SMf 

V 



Push 

Button 


Sepurvta 

Hen 


F1o 24 —P e n d e n t 
switch 



Pia 25 —A straight-through swiU h {Bmwr Mach%ne A Tool Co , Newark^ N J ) 


38. A Straight-through Switch (Fig. 25) is one which is 
designed for mounting in a flexible conductor so that the 
conductor enters and leaves the switch in a practically-straight 
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line. It is sometimes called a feed^hrojigh smtch or a cord 
ewitch. 

Note.—The Underwbitebs* Laboratories Define A Pendent 
Switch as: ‘*A switch designed to be installed at the end of or in the 
middle of a flexible cord.’* fuoh a definition will include switches of 
each of the types as defined in Secs, 37 and 38. 

39. A Snap Switch is, strictly speaking, any switch which 
opens and closes with a '^snap/' regardless of how rapidly or 
slowly its operating button or handle is moved by the person 
who operates it. An automatic spring-actuated mechanism 
within the switch provides this action. All electric-lighting 
switches should, to conform to the National Electrical Code 
recommendation (Rule 246) be quick-break or snap switches. 
However, certain switch manufacturers use the term ^^snap 
switch” to designate only a rotary-button-operated surface 
switches as for example that of Fig. 16. 

40. Electric Lighting Switches May Be Further Classified As 
To Circuit Connections (see Table 21) into: (1) One-point 
smtches. (2) Two-point switches. (3) Three-point switches. 
(4:)Four-point switches. (5) N-point switches^ the letter 
being used as a symbol to indicate any number of ^'points.” 
(5) Single-pole or one-pole switches. (6) Double-pole or two-pole 
switches. (7) Triple-pole or three-pole switches. (8) Four-pole 
switches. (9) N-pole switches, the letter “jV” being used as a 
symbol to indicate any number of poles. (10) Three-way 
switches. (11) Four-way switches. (12) Single-throw switches. 
(13) Double-throw switches. (14) Electrolier switches. (15) 
Series-parallel or heater switches. All of the types which have 
just been listed are defined and illustrated in subsequent 
sections. There may also be other circuit-connections and 
sub-classificati ons. 

41. A “Switch-position,” Or The “Position” Of A Switch 
May Be Defined As any stationary position of a switch-blade 
which will provide a certain definite circuit-connection within 
the switch. That is, a two-position switch is a switch wherein 
the blade or blades have two, or more, stationary positions 
which provide only two different circuit-connections. A three- 
position switch provides only three different circuit connec- 
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tions. A single-throw knife-switch has two positions, 
and closed/^ A double-throw knife-switch may be 
connected to provide either two or three positions, ^'closed 
right/^ ‘‘open” and “closed left.” Snap-switches which have 
more than four positions are seldom manufactured (see 
Secs. 86, 93, 296, and 299). 

42. Much Confusion Has Resulted From Erroneous Switch 
Terminology As Regards The Terms “Three-point,” “Three- 
pole,” and “Three-way.” Any or all of these terms are 
frequently used in describing the same switch (see Figs. 
13 and 14). Also, four-point, four-pole, and four-way are 
often used interchangeably in designating the same device. 
Some switch-manufacturers have called their three-way and 
four-way switches, three-point and four-point switches. This 
has increased the confusion. Each of these terms has a 
certain definite meaning, and should only be applied to a 
certain definite type of switch. Specific definitions of this 
switch terminology are given in the following sections. 

43. The Definition Of A One-point, Or Single-point, 
Switch (Fig. 19-7) may be stated as: A switch which has a 
metallic lever so pivoted at one end, that when the lever is 
rotated about the pivot as a center, the other end which moves 
in a circular arc will make contact with a stationary metallic 
button, called a contact button. One conductor (A, Fig. 19-7) 
is connected to the pivoted-end of the lever, and another con¬ 
ductor, B, is connected to the contact button. Switches of 
this type are usually employed only in low-voltage signal work. 

44. The Definition Of A Two-point, A Three-point, Or A 
Four-point Switch (Fig. 19-77, -777, -IV) may be given as: A 
switch which is identical with the one-point switch in opera¬ 
tion, and in construction (Sec. 43), except that there are, 
respectively, two, three, and four contact buttons on a two-, a 
three-, and a four-point switch. Thus, with a four-point 
switch, an electric circuit (Fig. 26) may be closed through the 
battery, P, and any one of the four subsidiary circuits, A, B, 
C, or D, by placing the switch lever on the contact button, 
a, b, c, or d, and then closing the push-button, M, 

Note.—A Push-button Should Be Installed In Any Multi- 
ciBCUiT Signalling System Which Employs A Three- Ob A Four- 
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POINT Switch. The neoeseity for this is that should the metallic lever be 
rotated from contact button o to d (Fig. 26) the lever might, in being 
shifted, make contact with buttons h and c, thereby causing lamps B and 
C to light momentarily, before the lever could reach d. 

46. A Single-pole Or One-pole Switch May Be Defined 

as: A switch whereby only one conductor, or lead, of an elec¬ 
tric circuit can be opened or closed (see Figs. 19-7,27-7 and SOI. 



Fiq. 26.—Showing signalling instal- Fia. 27.—Single-pole, two-pole, three- 
lation controlled by a four-point switch pole and four-pole single-throw knife 
and push-button switches. 


46. A Double^pole Or Two-pole Switch May Be Defined 

(Fig. 27-//) as: A switch whereby two conductors, or leads, 
of an electrical circuit, or two conductors, or leads, of two 
separate circuits, may simultaneously be opened or closed. 

47. A Three-pole Switch May Be Defined as; A switch 
whereby each of three leads of a circuit, or of different circuits, 
can be simultaneously connected or disconnected (see Fig, 
13-X/X and Fig. 27-///). 

48. A Four-pole Switch May Be Defined as: One whereby 
each of four legs of a circuit, or of different circuits, can be 
simultaneously connected or disconnected (see Fig. 27-/F). 

Note. —An N-pole Switch May Be Defined as: A switch whereby 
each of N (any number) leads of a circuit, or of different circuits, can 
simultaneously be connected or disconnected. From a consideration 
of Fig. 27, it will be noted that if four single-pole knife switches be 
mounted parallel to each other on a flat insulating base and the four 
handles connected together by a strip of rigid insulating material, a four- 
pole switch (Fig. 27-/F) will result. Switches having more than four- 
poles are seldom used. 
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49. The Definition Of A Three-way Switch may be stated 
as: A switch (Fig. 28) which ha* four binding posts, two 
adjacent posts (A and B) being permanently connected by a 
shunt, S, so located that the contact bar, C, will, when moved 
around a central pivot, effect an electric connection between 
diagonally-opposite binding posts (see Div. 6). A three-way 
switch is sometimes called a combination switch. It should not 
be called a three-point switch or a three-pole switch. 



Fio 28- Diagram of a three-way switch Fio 29 —Diagram of a four“^a> BWitoh, 


60. A Four-way Switch May Be Defined as A switch (Fig. 
29) which has four binding posts and two contact bars, which 
are insulated from each other, so arranged that by moving 
the contact bars around a central pivot, electrical connection 
can be effected between any two adjacent posts and simultane¬ 
ously connection is made between the othei two posts. This 
type of switch is sometimes called a commutaUng switch. 
It is also inconectly called a four-point switch or four-pole 
switch. 

Note —This Definition Op A Foua-w ai Switch Is Based On The 
Construction Op These Switches As They Ark Usually Manufac¬ 
tured A double-pole double-throw switch (Sec 229) may, however, be 
so wired that the connections which it effects are equivalent to those made 
by a four-way switch 

61. A Single-throw Switch May Be Defined as: A switch 
(Figs. 27 and 30) the blades or contact bars of which, when 
operated, contact with only one set of contacts. As indicated 
in Fig. 27, single throw switches may be of either the single¬ 
pole or multi-pole type but they need not necessarily have 
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koife-blade mechanisms, though the use of the term is usually 
confined to mechanisms of this type. 



Fig. 30.—Principle of operation of 8ingle> Fio. 81.—lUuatrating various types of 
pole, single-throw snap switch. doublet-throw knife switches. 


62. A Double-throw Switch May Be Defined as: A switch 
(usually a knife switch), Fig. 31, wherein the blades, or contact 


bars, may be operated to make 
contact with either of two sets 
of binding posts, or contacts. 
As shown by Fig. 31, double¬ 
throw switches may be of either 
the single- or multipole type. 
Double-pole, double-throw 
switches are also manufactured 
in the snap type. 

63. An Electrolier Switch May 
Be Defined as: A switch which 
has its binding posts and contact 
bars so arranged that two or more 
energy - utilizing - device circuits 
may be controlled by placing the 
contact bars in different po¬ 
sitions. A diagram of a simple 
electrolier switch-circuit is shown 
in Fig. 32 (see also Div. 7). 

54. A Series-parallel Or 
Heater Switch May Be Defined 



I-Position 1;WI Off 



I-Position 2. A.0ff, B And C. On 



iy»P08itlon4; C.0ff;A And B,0n 

Fig. 32.—lUuatrative diagram of an 
electrolier switch and its drouits. 


as: A switch which has its binding posts and contact bars so 


arranged and connected that two or more energy-consuming- 
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device circuits may, by successive operations of the contact 
bars, be connected into the circuit cither in parallel or in 
series. Such an arrangement, employing a double-throw, 
double-pole knife switch is shown in Fig. 33. This switch is 
also furnished by manufacturers in the snap type (sec Div. 7). 



Fig 33—Double-throw, doublo-pole Pio, 34 — Diagram of a two-drcuit mo- 
knife switch having two binding-posts mentary-contact switch 

connect t*d by shunt, S, to form a series- 
parallel switch. 

66. A Momentary-contact Switch May Be Defined (Fig. 34) 
as: A switch which operates to close one or more circuits only 
while force is exerted on its contact bar. Switches of this 
class are usually made in the push-button type (see Divs. 2 
and 8). 

66. A Master Switch is any switch which is so connected 
that it may be operated to light or to extinguish simultane¬ 
ously all of the lamps, or only specially designated ones, in an 
installation, irrespective of the positions or operation of the 
switches which regularly control the individual lamps or 
circuits (see Div. 6). This definition applies specifically to 
lighting circuits of all buildings except theatres. See note 
below. 

Note,—-The Term ''Master Switch” As Used In Theatre Par¬ 
lance has a meaning which is somewhat different from that defined 
above (see Sec. 416). 

67. A Service Switch (0, Fig. 2) is a switch through which 
the service wires (Fig. 6) connect to a building-interior wiring 
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system* It is (except as outlined in Sec* 134) so connected 
that it will, when open, disconnect from the source of supply 
all devices and wiring which are within the building. 

68. A Barrier is defined as n, non-combustible, non-absorp- 
tive insulating block which is placed between current-carrying 
parts of opposite polarity to preve»‘t arcing or flash-overs'' 
between the parts. 

Examples. —Barri g (Sec. are often plac<*d on knife switches 
between the hinge jetwa, the ^»reak jaws and the metallic' supporting 
blocks. They may be of sheet asbestos, of slate, or of similar materials. 
Barriers, usually of concrete, »c arranged betM^'cen busbars in station 
switching striL'tures. ^larricre of porcelain, cast integral with the base, 
are frequently provided on porcelain fusible-cutout-and-switcb bases. 

69. A Sub-base (Fig. 159) is defined as a non-combustible, 
non-absorptive insulating block which is installed under flush 
snap switches or other electrical devices which are designed for 
surface mounting—and which is so constructed as to raise the 
switch or device off of the surface and to prevent the con¬ 
ductors which enter the switch or device from contacting with 
the supporting surface. 

Note.—Sub-bases Are Usually Made Op Porcelain (see. Div. 3) 
but wooden sub-bases may be used under certain conditions Also 
sub-bases are sometimes made of marble, slate, glass or other materials 
which will satisfy the requirements which are specified above. 

60. A Cutout, as the term is applied in electrical parlance, 
is defined as device which is so constructed that it will 
automatically open any circuit, in which it is connected in 
series, when the current in that circuit exceeds the value at 
which the cutout is designed or adjusted to operate. See 
Fig. 168 for an illustration of a fuse cutout. 

Examples. —An automatic overload circuit breaker, or a fuse mounted 
in a cutout base are examples of cutouts. The Code considers that a 
cutout base and a fuse which the base carries constitute a cutout. 
Commercially, the base and receptacle which are designed to carry the 
fuse are called a cutout. 

Explanation. —When the current through a fuse exceeds, for a 
relatively-short time, the ampere current rating value which is printed 
or stamped on the fuse, then the fuse wire will melt and thereby open 
the circuit in which it is connected in series. When the current through 
an overload circuit-breaker exceeds the ampere current value for which the 
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lH«dker is set, then the breaker will trip and open the circuit in which it is 
wnnected in series. Thus an overload circuit-breaker opens instan- 
taaeottsly when the current through it exceeds the value for which it is 
set. A tixne-iimit circuit-breaker will not open until after the current for 
which it is set has flowed through it for a certain predetermined time for 
which the breaker is also set. 

61. A Panel Board (Fig. 5) is a device upon which are 
mounted fuse receptacles and switches—or cutouts and 
switches, S, —^for the control and protection of the branch 
circuits, J5, which are fed from the main, M, supplying the 
energy to that panel board. A panel board usually has two 
or more branch circuits leading from it. These branch cir¬ 
cuits are fed from busbars, E, which are connected to the 
main, M. This device is ordinarily enclosed in a protective 
box, which is called a panel-box or cabinet The complete 
apparatus—the cabinet and the panel board—is sometimes 
termed a distribution center (Sec. 9). 

QUESTIONS ON DIVISION 1 

1. Define the following terms: Electric circuit; closed circuit; open circuit; external 
circuit} internal circuit; short circuit, 

t. Draw a sketch to illustrate each of the terms which you have defined in Question 1. 

3. Define a feeder. 

4. In circuit nomenclature, what may be considered as the source of energy? 

5. What is a suh-feederf Main? Sub-mainf Branch? Tap? 

6. Draw a sketch illustrating each of the terms mentioned in Question 5. 

7. What is a distribution center? 

8. What is a service? Make a sketch to illustrate. 

8 . Define a lead. What other terms may be used interchangeably with lead? Give 
examples. 

10. What is a phase-wire? What term is frequently erroneously used for phase-wire? 

11. What is a traveler? Draw a sketch to illustrate. 

18. What two devices largely govern circuit terminology? 

IS. Show by sketches: How a sub-feeder may be changed to a main; how a main may 
be changed to a branch; how a branch may be changed to a tap. 

14. What terms are frequently incorrectly applied to the same switches? 

15. Define a switch, 

18. What is a one-point switch? Two-poini switch? Three-point switch? Four- 
point switch. Draw a sketch of each. 

17. For what applications are point-switclws generally used? 

18. What other type of switch should be employed in connection with a three* or a 
four-point switch? Why? 

19. Define a single-pole switch; double-pole switch; three-pole switch. 

SO. Make a sketch of and define a three-way switch; four-way switch. 

81. What other type of switch may be used to provide foui>wayH9witoh control? 

88. What b a double-throw switch? 

88 . Define: Electrolier switch; series-parallel switch; momentary-contact switch. 

84. Draw a diagrammatic sketch showing the operation of each of the switches men¬ 
tioned in Questions 22 and 23. 

88 . What is a master switch? 
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LIGHTING-SWITCH CONSTRUCTION 

62. Knife Switches, Or Lever Switches, Are Simple In 
Construction. A thorough and complete understanding of the 
operation of, and of the available circuits through a knife 
switch may be readily obtained by a cursory examination of it. 
The purpose of the following sections relating to knife switches, 
is to present various features of construction that are at 
present embodied in knife switches by the principal 
manufacturers. 

63. The Names Of Knife-switch Parts are given in Fig. 35. 
Every knife switch has one or more metallic blades, B, each 
blade being so hinged at one end to a metallic post, P, —^hinge- 



l*Sin9lc>B)aid« B-Two-bloolc 

Fio. 35—Illufitrating nomfnclature of knife-switch parts. 


jaw—^that by operating B, which moves in a plane perpendicular 
to the base, about jP as a pivot, the opposite end of each of the 
blades will fit into and make contact with a metallic jaw, J — 
break-jaw. This opposite end of the blades is equipped with 
a handle, H, which is made of insulating material. In those 
switches of the multi-blade (multi-polar) type, a cross-bar, C, 
which is made of an insulating material, rigidly coimects the 
blades together. The hinge-jaws, P, and the break-jaws, J, 
are usually equipped with some sort of binding-post or lug, L. 
The binding-posts, which are mounted on an insulating 

*>3 
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base, /, are merely for convenience in connecting and discon- 
necting the current-carrying wires. 

64. The Materials Used In Knife-switch Construction May 
Be Classified as: (1) Conductors or current-carrying parts. 
All current-carrying parts of knife switches are ordinarily 
made of copper. (2) Insulators or non-current-carrying parts. 
The binding-posts, blades, jaws and contact-blocks (Fig. 35) 
comprise the current-carrying parts. The base, handle, and 
cross-bar (Fig. 35) comprise the non-current-carrying parts. 
Various forms in which each of these parts are made and the 
methods of fastening one part to another are described in the 
following sections. 

66. Knife-switch Blades (B, Fig. 35) are usually stamped or 
machined from solid hard-drawn copper of about 98 per cent, 
conductivity (see note below), and then, in the best construc¬ 
tion, ground fiat. The maximum current-carrying capacity 
allowed for the blades of knife switches is aboui 1,000 amp, per 
sq. in, of cross-sectional area. That is, if a switch is to carry a 
current of 600 amp., the cross-sectional area of the blade must 
be at least: 600 -5- 1,000 = 0.6 sq, in. However, in the 
small-capacity knife switches, this minimum-allowable cross- 
sectional area (0.001 sq. in. per amp.) of the blades is, to secure 
sufficient stiffness and mechanical strength, usually exceeded 
—frequently being as large as 0.025 sq. in. per rated ampere or 
400 amp. per sq. in. Even in the large-capacity switches, 
manufacturers usually, to take care of accidental overload, 
make the cross-sectional blade-area somewhat greater than 
the minimum allowed. 

Note.—The Maximum Temperature Rise Op The Switi’h Parts 
Over The Temperature Of The Surroundino Air Should Really 
Determine The Minimum Amount Op Material Which Should Be 
Incorporated In Any Given Switch. The “maximum temperature 
rise’’ is that attained while the switch is carrying continuously its rated 
full-load current. Rules such as those given above serve as guides, but a 
temperature-rise test should be the final criterion. In its Standard 
For Snap Switches the Underwriters^ Laboratories specifies that, “all 
snap switches, must have ample metal for stiffness and to prevent rise in 
temperature of any part over 54® F. (30® C.) at full load. The 
American Institute Op Electrical Enoinebes Standardization 
Rules specifies this same maximum temperature rise for all switches. 
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Notb.—Solid Hard-dbawn Copper Has A Condocttvitt Of 98 Per 
Cbnt. if 1 g. of the material, when drawn into a wire of uniform 
circular-cross-section and 1 m. in length, has a resistance of 0.15,53$ 
ohms at a temperature of 20° C. (68° F,). 

66. Knife-switch Jaws are made of copper. For the suc¬ 
cessful operation of a knife switch, it is essential that the jaws 
make firm contact with the blades This is accomplished by 
making the jaws of resilient springy’^ hard drawn copper. 
Several different forms of jaws (Fig. 36) are used. The 
principal forms are described below. The break-jaws of 



Fio, 30.— Showing various forms of knifc-cwitrh jaws. 


Fig. 36-J arc made by sweating and pinning the jaws, J, to 
the contact-block, C. Those shown at II and III are made of 
hard sheet copper, which is pressed into the forms shown. The 
break-jaws are frequently provided with a screw, rivet, or 
bolt {S, Fig. 36-/ and II) to form a stop to prevent the switch 
blade from being pushed too far down into the jaws; it may 
also be used to adjust the distance D. The two different types 
of hinge-jaws, IV and V, arc constructed in a manner similar 
to that of the break-jaws of I and II, respectively. 

67. Knife-switch-blade Hinges (Fig. 37) usually consist of 
a bolt inserted in the hinge-jaws, thus forming a pivot about 
which the blades may rotate. In switches of cheaper grades. 
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this pivot is sometimes merely a rivet with its beads spun over . 
A construction which provides a ready means of adjusting 
the hinge-jaw is shown in Fig. 37. The stud, S, is threaded on 
both ends. Each end is then provided with two nuts—a 


>iao(e D 



Holding Nut 
Lock Nut 

N 

Stud 

Spring Warsher 

w 


|< Htnge Jaws >| 


Contact -BlocK 
I Side Vietv 

Fig 37 —Blade hinge for knife-«witch hinge-jaw 

holding-nut, H, and a lock-nut, N —and a spring-washer, W. 
This spring washer is preferably made of spring brass or 
phospor bronze but it may be of steel where the switch will not 
be exposed to moisture. When the assembly is made as shown 



110 38—Knife switch provided with extended hinge-jaws so that the switch blades 
may be locked in the open position 

in the illustration, the nuts may be tightened down on the 
spring-washers, thus insuring firm contact between the blade, 
JB, and the jaws, J 

Note —The Switch Blades May Be Locked In The Open Position 
by using a pad-lock in connection with a hmge-jaw of the type shown 


[W] 

K-tnd View 
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in Fig. 3$. Such a device is desirable where a workman may wish to 
lock ''dead'* a certain part of the line upon which he may be working. 

Note.—Stops Which Limit The Abc Of Switch-blaob Throw 
To 90 Dbg. may be provided on the hinge-jaws as shown in Fig. 39. 
This permits the mounting of switches and other apparatus in a smaller 
space than that which would be reauired if it were necessarj to provide 
sufficient clearance to throw the blades all the way 
over through an angle of 180 deg. 

68. Ejiife-switch Jaws Must Be So Secured 

To The Base That They Cannot Turn On 

The Base. This is done by means of dowel- 

pins or screws as described in Sec. 126, or 

in some instances, where jaws of the type 

shown in Fig. 36-77, 777 and V are used, a 

square hole is countersunk into the base 

(Fig. 40), and the jaw, which is fitted into 

the square hole, is secured to the base by a the arc of awitch- 
. 1 throw. 

Single screw. 

69. The Wires Are Connected To Knife Switches By Means 
Of Binding-posts (Fig. 40). The point of connection is also 
sometimes called the smteh terminal. In front-connected 
knife switches (Fig. 41)—wherein the wires are connected to the 
switch on the same side of the base as that upon which the 


Stfumv Holts To Prevmt 
Javts from. Turning 



Fio. 40.— Showing the method of pro- Fio. 41.—Showing connecting-lugs on a 
venting switch jaws from being turned on front-connected switch, 

the base by fitting them into counter¬ 
sunk square holes. 

switch is mounted—the binding-posts frequently consist 
of one of the contact-block holding-bolts. However, in 
Fig. 40, the terminal which carries the binding-post is separate 
from the jaw, and is secured thereto by the jaw holding-screw. 



Fio. 39. — Stoj>- 
meebanism to limit 
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In back-connected knife switches (Fig. 42)—wherein the wires 
are connected to the switch on the side of the base opposite to 
that upon which the switch is mounted—the binding-posts 
take the form of a stud, S. One end of this stud is soldered 
into the contact-block. The wire, if of a size No. 8 gage, or 
smaller, is secured to the other end of the stud by nuts. 



Fia 42 —Sho^iiiR c onncrtmK-luRS on a back-connerteci switch (Switches of this type 
are permitted only on switchboards ) 


Note.—Connecting-luob Must Be Used In Connectincs Wires Of 
A Size Larger Than No. 8, B. k S. Gage, To Switches (Code liule 
16 r.) The luf? is secured to the binding?-post (Fiji:. 41), or to the stud 
(Fig. 42) by a nut or nuts, and the wire is soldered into the lug. Various 
types of connecting-lugs or terminals are shown in Fig. 43. 



I-Terminal For Front-Connected Switches 



I-Tcrminal tugs For Back - Connected Switches 
Fig 43 —Showmp: various types of knife-switch connecting-lugs 


70. The Materials Of Which Knife-switch Bases Are 
Constructed are, because of Underwriters^ (Sec. 121) and 
service requirements, practically limited to the following: (1) 
Marble. (2) Slate, (3) Porcelain, (4) Composition such as 
hard fiber, bakelite, transite or moulded mica. The 
large-capacity switches are generally provided with slate or 
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marble bases, while the bases for those of small capacity are 
usually of porcelain or a patented composition. Slate is, for 
voltage under 1,000, preferable because it is the stronger. 

71. The Blades Of Multi-pole Knife Switches Are Mechani¬ 
cally Connected Together By A Bar Of Insulating Material 
Called A Cross-bar (C, Fig. 35-/J). This cross-bar is usually 
made of hardwood, composition, or fibre, which is machined 
to shape and, often, polished. In some of the small-capacity 
switches, the cross-bar is made of porcelain. The (Toss-bar is 
in the better switches secured to the blade by means of a blade- 
block, (B, Fig. 41) which is htted into a groove in the cross¬ 
bar and held therein with screws, bolts 
or rivets. In some low-priced switches, 
the end of the blade is bent over, and 
screwed to the cross-bar as shown in 
Fig. 40. 

72. Knife-switch Handles (77, Fig. 

35) are usually made of hard-wood. 

They are shaped in a turning-lathe 
and then heavily enameled or varnished. 

However, some switch handles are made 
of porcelain or composition. The handle 
is, in single-pole switches (Fig. 35-7), secured to the blade by 
a blade-block and a screw or bolt. The blade-block is soldered, 
sweated, or pinned to the blade. The screw or bolt, which 
passes through the handle longitudinally, is then screwed into 


3-Wide Type K-^ng\e Type IDrNarrow Type 

Fig. 45.—Types of spade-handles used on large-eapacity n>ulti-polo switches. 

the blade-block. In multi-pole switches (Fig. 35-77), the 
handle is fastened to the cross-bar by a bolt. In the small 
30-amp. switches which are used on distributing panels the 
composition handles (Fig. 44) form both a cross-bar and a 
handle. Spade-handles (Fig. 45) are often used on large 
capacity switches because of the more convenient and effective 




Combtnec/t^nefk 
^ ^ AndCrosS'dar- 



Fig. 44 — Fibre spade- 
handlo often used on 30- 
amp., double-pole switches. 
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grip which they afford. “Spool” handles (Fig. 46) are also 
frequently used for 30-amp. switches. 



Fig 46—A dO-ainp panel-board switch ha\in£ a spool-handle 


73. Knife Switches May Be Classified According To The 
Form Of The Switch as shown in Table 74. That is, knife- 
switches are made single-, double-, three-, four-, five-, and 
six-pole; single- or double-throw; fused or unfused. If any 
of the above combinations are unfused, they may be provided 
with either front or back connections (Sec. 69). If they arc 
fused, the fuse terminals may be located on either the front 
or on the back of the base, and may be of such a type as to 
hold either link or cartridge fuses. If front-fused, the switch 
may be either front- or back-connected. However, if the 
switch is back-fused, it is usually back-connected. 

74. Table Showing Knife-switch Classification According 
To The Form Of The Switch. 


Pole 

Throw 

Fuses 

i 

Connected 

Single 

Double 

Three 

Four 


No fuse 

Front. 

Back. 

Single 
Double j 

Front-fused 

_ 

Open link 
Cartridge 

Front 

Back 

Five 

Six 

1 

Back-fused 

Open link 
Cartridge 

Back 
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76. Knife-switch Troubles usually first reveal themselves 
by the switch becoming heated. These troubles are ordinarily 
caused by: (1) Loose termimls. (2) Improper contm between 
the blade and jaws. The remedy for the first-mentioned trouble 
is, obviously, to tighten the Ic -se connection. A method of 
locating and correcting the second trouble is described in the 
following section. 

Note, — The Maximitm-allowable Cchrent Density At The 
Blade-AND- jAW Contact Op A Knife Switch is about 75 anij>. per sq. 
in. That is, the total contact-area between the blade and the jaw of a 
100-amp. switch should at least be 100 -f- 75 - 1.33 sq, tn., or: 1.33 -s- 
2 =» 0.67 aq, in. on each side of the blade. If the jaws become deformed 
so that only two edges of the jaws contact with the blade, a large over¬ 
load of the small contact area will result and the switch will thereby 
become heated. 

76. A Test For Proper Blade-and-jaw Contact may be made 
by trying to insert a piece of very thin mica or paper between 
the jaw and the blade at the corners and sides. The thickness 
of this ‘‘feeler^' should not exceed one or two mils (0.001 to 
0.002 in.). If the ‘‘feeler'^ can be inserted between the blade 
and jaw at any point, it is evident that the contact is bad. 
Another means of locating an improper bladc-and-jaw contact, 
which may sometimes be used, is: Hold the switch between 
the eye and a strong light. Move the switch about so that 
the contact may be examined from every possible angle. If 
light can be seen between the blade and jaw, the contact is 
bad. If improper contact is found to exist, it may be corrected 
by the method which is outlined in the following section. 

77. A Poor Blade-and-jaw-contact May Be Corrected by 
the following procedure: If the bad contact is at the hinge- 
jaw, it may usually be remedied by tightening the nut or the 
rivet of the hinge-pivot. If it is at the break-jaw, the jaws 
may first be bent into a more-nearly correct position either 
by hand or by driving a block of wood against the jaw with a 
hammer. Then apply a mixture of vaseline and fine pumice 
stone (FF) to the contact-surfaces of the blade and jaw, and 
work the blade in and out several times. The bending of the 
jaws increases the friction between the blade and jaws, and 
the working-in-and-out process grinds off any ‘^high places.^' 
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This grinding not only improves the “fit/' but removes any 
lacquer or other foreign material, which is sometimes the 
cause of bad contact. The switch should, of course, be entirely 
isolated from any source of voltage during the above operations. 

78. Table Showing Approximate Selling Prices Of 260-volt 
Front-connected Knife Switches Mounted On Slate Base And 
Provided With Cartridge Fuse Terminals. (The cost of the 
switches will vary somewhat, depending upon the locality 
and the quantity purchased. The prices of similar switches, 
which are back-connected, which have open link fuse ter¬ 
minals or no fuse terminals will not vary greatly from the 
prices shown. Switches for 500 volts cost relatively little 
more than 250-volt switches.) 

Form 

Current rat- Single-pole ! Double-pole Threo-pole 

ing, Amp.-^-!— --- 

1 I I 

Singl(‘- Double- ' Single- | Double- 1 Single- | Double- 


1 

throw 

1 

throw 

1 throw 

throw 

thn>w 

1 

throw 

30 

1 $ 2 

15 

$ 3 

25 

$ 3 

75 

1 $5 

75 

1 

1 $ 5 

1 

25 1 

$ 8 

30 

60 

2 

65 

3 

85 

4 

60 

7 

10 , 

1 ^ 

65 

10 

65 

100 

I 4 

60 

; 7 

35 

8 

55 

14 

00 

12 

55 ' 

20 

85 

200 

1 ^ 

50 

10 

85 1 

12 

70 

20 

90 

18 

75 1 

31 

00 

400 

10 

76 

1 17 

36 1 

21 

10 

36 

00 

31 

30 

61 

76 

600 

1 16 

95 

27 

20 1 

1 33 

05 

54 

70 

49 

10 ' 

81 

25 

HOO 

1 23 

10 

36 

85 ' 

44 

50 

i 71 

15 

66 

20 

107 

10 

1,000 1 

1 29 

50 

48 

90 

58 

15 

j 94 

15 

86 

55 ' 

141 

80 

1 200 

33 

40 

54 

45 

65 

85 

! 105 

i 

10 

98 

10 ' 

158 

00 


79. The Mechanisms Of Snap Switches May Be Considered 
As Consisting Of Three Elements: (1) Conductors, or current’- 
carrying parts. (2) Insulators, or non-current-carrying parts. 
(3) Operating mechanism. While the operating mechanism is 
always made of conductor-material (metal), it does not 
nonnally carry current. Each of these elements is described 
in the following sections. Various snap-switch elements are 
shown in Figs. 47, 48, 49, and 50. 
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80. The Conductors, Or Current-carrying Parts, Of Rnap 
Switches (Sec. 39) are the: (1) Binding-posts, (P, Figs. 51 and 
52). (2) Stationary contractors, {C, Figs. 51 and 52). (3) 

Movable contactor, or blade. (B Fig. 52). Various torrns and 

dmafinq-Post 



Fig 47 —Showing airangpm<nt of 1 lo 48—Section of porcelain base show- 
bmding-posts, and method of fastening iiig «ctentnc on shaft 

notched plate to porcelain bast for a 
Bingle-pole. surface snap switch 

the iiialorials of manufacture, tv Inch are employed in the 
construction of snap-switch current-carrying parts are 
discussed in the following sections. 


Porcelain Stationary 

Base Co itacfor 



and indicating dial for single- fate snap switth with to\tr n moved 

pole, revolving-blade snap switch 

81. The Binding-posts—also called terminal plates —(F, 
Figs. 51 and 52) are the devices which hold the wires to the 
switch. The binding-posts (F, Fig. 51) are in electrical 
contact with the stationary contactor, C, Thus, when the 
movable contactor (5, Fig. 52) makes contact with the sta¬ 
tionary contactors, C, a current-path through the switch is 
3 
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established. The binding-posts are usually made of brass. 
They are made in innumerable different forms and shapes. 




1 5crew For Hold ng 
L Wire To 
] Bind ng-Posf 

Stationary 
P iC Contactor 



-< btnef/ng Poits 


ISioi« Clevoition 
p stationary Contactor 




(onfactor 

31 Perspective View 
Tia 51 Fio 52 

Fia 61 —Showing one type of snap-ewitch binding post with wire attached (//ar# 
Mfg Co ) In wiring thia binding'post it is unneiessar> to ninove tin binding screw 
or to loop the wire The wire after being skinned is simply inserted in the post and 
then bent forward around the screw It is then cut off to proper 1< ngth With a 8< rew 
driver the loose end is pressed under the hfad of tht screw and the screw tighifiied 
Fio 62—Nomenclature of snap-switch current-tarrying parts (Movable contactor 
consists of a flat plate and stationary contactors are of the jaw type ) 



I-Skinned Wire-End H Wire-End Bent Iff Screw Tightened 
Inserted Over And Held Down And Wire-End 

bg Lip Clipped Off 

Fio 63 —Method of making up connection in surface switch binding post (Arrow 

EUctric Co ) 


For exaniplch of various forms of binding-posts, see Figs. 
52, 53, 55 and 63. 
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82. Ttie Principal Types Of Contactor-mechanisms are: 
{\) Th^ movaUe-pUite-and-slahonary-jaw ooviactw, (Vig 52), 



1*10 54 — Illustrating; contactor mech 3 lo '»*> —Illustrating end-contaot typ« 
anism whornn the movable contactor B of contactors 

18 of the jaw t>pe and the stationary oon 
factor C 18 of the plate t\pe 



Fig 66 *-Singlo-pole rotatmg-button snap switch having end-oontactor mechanism 
(Switch open, button and cover removed ) 

wherein the movable contactor, B consists of a flat plate, the 
ends of which fit between the jaws of the stationary contactors, 
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C. (2) The movahle-jaw-and-stationary-plate contactor, (Fig. 
54), wherein the movable contactor, B, consists of jaws, 



Fig 57—Single-pole rotating button snap suitch having end-contactor mechamam 
(Switch closed button and cover rtnioved ) 



I-T Shape I-1 Shape H* L-Shape 

Fig 58 —Illustrating different shapes of rotating blade snap switch movable contactors 

between which the flat-plate stationary contactors, C, fit. 
(3) The end-contactor, (Figs. 55, 56, and 57), wherein the ends 
of the movable contactor, (B, Fig. 65), rub against the station- 
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ary contactor, C. Those parts of a contactor-mechanism 
which must “spring” or “give” (C, Figs. 52 and 55; B, Fig. 54) 
are, usually, made of phosphor-bronze. Those parts which 
are not required to be resilient (B, Figs. 52 and 55; C, Fig. 54) 
are, usually, made of brass. Revolving-blade movable 
contactors of various shapes are shown in Fig. 58. 

83. Snap Switches Are So Made, With Non-current Carry¬ 
ing Parts Of Insulating Material That There Are No Exposed 
Live Parts which might incur a life or fire hazard. These non- 
current-carrying parts consist of: (1) A porcelain or molded- 
composition base (Figs. 63 and 96-/), upon which the 


Insulating Fiber Lining ^ Notch 



Fio - Method of iiiHuluting the Jio 60—Metal cover lined with inbu- 

movabJt (oiitactor from the operating lating material. (Notch JV, fits on a lug 

mechanism (//arf MJg Co ) carnoil by the base to prevent cover 

from turning ) 

binding-posts and the operating mechanism are mounted. 
(2) The insulating material which prevents the movable con¬ 
tactor from making electrical connection with the operating 
mechanism (Figs. 59 and 77). This latter insulating material 
usually consists of sheet mica or fibre. 

Note.—Not All Op The Non-current Carrying Parts Op A Snap 
Switch Are Made Of Insulating Material. Although the operating 
mechanism, and frequently the switch cover, are of conductor-material, 
normally they do not carry current, since they are, as explained above, 
insulated from the current-carrying parts. 

Note.—A Snap-switch Babe Also Supports The Switch Operating 
Mechanism (Figs. 62 and 66). For surface and flush switches, (Figs. 63 
and 67) the base is usually made of porcelain. Other forms of switches, 
such as the feed-through switch of Fig, 96 and the canopy switch of 
Fig. 100 have bases made of a patented insulating composition. The 
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switch mechanism for flush switches is completely enclosed on five sides, 
(Fig. 69) by a porcelain casing or container. 

84« Metal Covers On Rotating-button Snap Switches Are 
Lined With A Fibre Insulating-material as shown in Fig. 60. 
Such an insulating lining is intended to prevent accidental 
short-circuiting of the binding-posts while removing or putting 
on the switch cover. 

Note.—The Button, Or Handle Op A Snap switch (Figs. 16 and 
68) is also of an insulating material: Usually moldod-composition or 
porcelain. Normally the shaft, Fig. 61) is not in contact with a 
source of voltage, but the button is made of insulating material merely 
as an additional precaution against the exposure of live parts to accidental 
contact. 



15 Screwed On Tightly 

Fig. 61 —Showing one naetliod of holding cover snugly to the baae. (.Hart Mfg Co ,) 

Note.—Various Devices Are Employed To Hold The Cover Of A 
Surface Snap Switch Snugly Against The Base, one of which is 
illustrated in Fig. 61-7/ and ///, and another in Fig. 62. TtHien the 
button (B, Fig. 61-7/7) is screwed on to the shaft, the spring, C, is 
compressed. The tension of C, acting downward against the button, 
holds the cover, 7), tightly against the base. The spring washer, W, of 
Fig. 62 performs the same function. 

86. An Almost Infinite Number Of Different Operating 
Mechanisms Are Employed In Snap-switch Construction. 

Only a few, of the various types of operating mechanisms for 
the different forms of switches, are described herein in the 
following sections. The complicated construction of the snap- 
switch mechanisms is necessary to insure the ‘^snap’^ action 
which is explained in the following note. 

Note.—The Basic Principle Underlying The Operation Op 
Practically All Snap Switches is as follows: During the operation of a 
handle, the tension in a spring is increased. When the operation of 
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the handle has proceeded to a certain predetermined point, the blade, 
or movable contactor, is released. Upon the release of the movable 
contactor, the tension m the spring acts to move the movable contactor 
quickly through a predetermined distance. Hence, this movement 
of the movable contactor opens or closes the switch with an almost 
instantaneous ^‘snap^* action. The above operation will be more readily 
understood by a consideration of che 
following sections, wherein the func¬ 
tioning of various snap-switch mech¬ 
anisms are described. 


, Mpfttbfe Confachr, 

jfafionart^ .— 

Contactor bhcfmg 

\5crei¥ 



Wiri 

Hole ^ ^ 

Porcelain Base^ Plate 

I-P\oin V»ew% Cover ^nd button Removed 


Sm'tcH fj. 
Coyer \ 

Insulating ^ 

_V5. 


Spring 
ifega " - Wxsher To 
• Hold Cover 


86. The Rotating-buttOHi 
Revolving-blade Snap Switches, 

which are shown in Figs. 02 and 
63 are single-pole, two-position, 
single-deck (Sec. 107) switches. 

Hy the term two-posiiion is 
meant that the movable con¬ 
tactor, B has two stationary 
positions each of which provides 
a different internal circuit- 
connection (see Sec. 41). These 
two positions are at right-angles 
to each other. When, in one of 
the pOw^^itions, as shown in the 
illustration, B and B are in 
contact with the stationary con¬ 
tactors, C and C. Then the 
switch is said to be in the on- 
positioUf on, or closed. When 
the switch is operated and the 
movable contactor turns to the 
other position, B and B is not 
in contact with C and C, and 
the switch is then said to be in 
the off-position, off, or open. The operation of this switch 
mechanism may be understood from a consideration of the 
following explanation. 



Snap-Action Mechanism* 

X-Siolc View 
Fio 62 —Illustrating construction 
of single-pole, surface, snap switch of 
the rotating-button type. {Connetti 
cut BltUr%o Mfo Co ) 


Explanation. —The button-handle {H, Fig. 63) is rigidly fastened to 
the shaft, S, so that when H is rotated, S rotates with it. The movable 
contactor, B, and the plate, D, are rigidly fastened together. The shaft 
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S fits loosely in D so that S may be rotated without causing B and D to 
rotate Aflat circular '^eccentric’ metal-punchmg, Fig 64, shown 
also at Ry Fig 63) is rigidly fastened to 6, so as to form a cam This 
cam, Rf IS of the same thickness as the (atch, and works m the oval¬ 
shaped hole in T as shoi^n m Iig 64-7 The catch, T, is provided 
with a raised lug, L, which fits into a hole in D (Fig 63) The plate, Z>, is 
not shown m Fig 64 The notched metal plate (A, Figs 63 and 64) 
IS held static nary by lugs whic h tit into slots in the porcelain base, F 
The spring (Ej Fig 63) has its upper end fastened to the shaft, and its 
lower end fastened to D The tension in E tends to rot ite S in the left- 
hand direction However, S cannot rotate to the left because R bears 



Pia 63 —Rotating: button snap switch ( 4rrou JF lectric Co I A i 0207 ) 


against the side of the oval-shaped hole (Fig 64-7) in 7, and T is held 
stationary by L fitting into the hole m D Since the tension m the spring 
tends to rotate the shaft to the left, it will tend to cause I )—also B —^to 
rotate to the right Also, since D engages with T by means of the lug, 
L, T will have a tendency tow ird right-hand rotation Right-hand 
rotation of T is norm illy prevented by the lip, TT, which engages with the 
notch in N (Fig 64-7) 

The switch is operated by turning the button, TT, to the right, or clock¬ 
wise This, as expl iin#^d above, rotates the shaft, and likewise the cam, 
R Rotation of the cam, Rj causes T (Fig 64) to swing about 7/ as a 
center, until it reaches the position as shown in Fig 64-77, at which posi¬ 
tion the lip, Ky IS disengaged from the notch in N, When this disengage- 
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ment occurs, T is free to move. Since T is free to move, D is also free to 
move. Thus, when T is released, the spring-tension, acting on D and 
consequently on B, snaps” the movable contactor, B, to the right until 
K engages with the next notch in N^ as shown at Fig. 6^11 L Thus, the 
movable contactor has been rotated through an angle of 90 deg., or 
from one of its positions to the other. Since one operation of the switch 
causes both the movable contactor and the shaft to rotate in the same 
direction and through the same angle, tb'^y are, after operation, in the 
same relative position as before the operation. Thus, the spring-tension 
remains practically the same throughout any number of successive 
operations. 



04,—IlluHtrating operation of rotating-button snapBwitch. {List N^o. 6207, Arrow 
Electric Co.) 


87. Another Type Of Rotating-button, Revolving-blade 
Snap-switch Mechanism is shown in Fig. 65. The spring, S, 
is fastened to the shaft, F, at A, and to the plate, D, at 
E, This plate, D, carries the movable contactor, B. The 
operation of this mechanism is illustrated in Fig. 66. To 
understand the operation, which is explained below, refer to 
both Figs. 65 and 66. The same reference letters are used on 
both illustrations, but on neither are all reference letters 
shown. 

Explanation. —The spring, (^, Fig. 65) which is ” wound up,” tends to 
rotate the lock-plate (-D, Figs, 65 and 66) to the right as shown by 
the arrow in Fig. 66-1; and tends to rotate the shaft, F, to the left. 
But D cannot rotate to the right because the slot (G, Fig. 66-7) engages 
a projecting lug, 77, on the catch, /. Furthermore, J cannot rotate 
because the hook K, bears against the stationary lug, L. The holding- 
plate, M, which carries the lug, L, is held stationary by the porcelain base. 
A flat circular metal piece, (N Fig. 66-7), is keyed to F, so that N is off 
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center, thus forming an eccentric. The shaft cannot rotate to the left 
because of a notch in N which engages a projection in / as shown in 
Fig. 66-7. 



Fig 65—Showing inechamsm of rotating button snap switch {Bryavt Llectru Co ) 



0/recfbn In Which /ocA Position Of 

Pktfe Tends To Rotate Switch diode 

1“ First Position I Movable Contactor E Second Position 


About To Be Released 

Fig, 66—Illustrating the operation of the raechunmm of a rotnting-button snap- 
8Wit<h {Bryant Ehcttic f o ) 

In operating the switch, the button is turned to the right. This, 
through the eccentric, moves J downward, as shown m Fig 66-//, 
until K is released from the lug, L This leaves ,/ and D free to rotate 
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dinoe, as explained above, the spring tends to cause a right-hand rotation 
of Df D now turns to the right with a ‘‘snap/' caiTying the movable 
contactor, B, with it, until Ky strikes the next lug, L, Fig. 66-///. The 
movable contactors have thus been rotated through an angle of 90 deg., 
or from one position to a second position. 

88. Push-button Snap S% itches May Be Classified as: 

(1) A oneA)uiton snap switch. (2) A two-hutton snap switch. 
Practically all one-button snap switches (Fig. 67) are of the 
revolving-blade type (Sec. 23). Whereas, the majority of the 
two-button snap switches are of the oscillating-blade type 
(Sec. 24). A push-button snap switch is sometimes called a 
piLsh switch. Switches of each of the above-mentioned types 
are described in the following sections. 

89. A One-button, Snap Switch Of The Push-button Flush 
Type, Which Has A Revolving-blade Mechanism, is shown in 
Fig. 67. The snafvaction mechanism is identical with that 
described under Sec. 87 in connection with Figs. 65 and 66. 
However, the rotation of the shaft in Fig. 07, instead of being 
produced by turning a button, as in Figs. 65 and 66, is pro¬ 
duced as follows: 

Explanation. —The push-button, A, Fig. 67, contains an internally- 
threaded sleeve which fits over the external threads on the shrift, S. The 
collar, D, is rigidly secured to the button. In each end of /> is a slot 
which fits loosely over the posts, E. The posts, E are riveted into the 
sub-plate, F. Thus, the button, A cannot turn. Therefore, when A is 
pressed downward, S rotates. Rotation of S operates a dog- and- 
ratchet mechanism, contained in R. This dog-and-ratchet mechanism 
operates to rotate the main shaft of the switch. This rotation releases 
the snap-action mechanism. The rotation of the movable contactors 
then occurs as described in Sec. 87. The hollow button, A, contains a 
coil-spring which is compressed when the button is pushed inward. 
Then, when the outside pressure on the button is released, the spring 
expands and carries the button outward to the original position. Every¬ 
thing is then in readiness for a second operation. 

90. Two One-button Snap Switches May Be Contained In 
A Single Porcelain Casing as shown in Fig. 68. The operation 
of each switch is the same as that described in Sec. 89. Each 
switch can be operated by its own button independently of the 
other switch. Practically any two forms of switches which 
are desired, such as two single-pole switches, one three-way 
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H-Top view 
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switch and one single-pole switch, one single-pole switch and 
one electrolier switch, and so on, may be used. The arrange- 
ment shown in Fig. 68 consists of two single-pole switches 
which have a common food. That is, two of the stationary 
contactors are connected to the same binding-post 



I IQ 08 1 wo one-button push snap switches mounted in a simsclo porcelain cover 

(The illustration represents two single-pole switches h i\nng a common feed Li^t 
No 263*), Bryant Electrtc Co ) 


91. A “Release-catch” Two-button, Single-pole, Flush 
Snap Switch is shown in Fig. 09. As hereinbefore stated 
(Sec. 88), nearly all two-button snap switches are of the oscil- 
lating-blade type. That is, by pressing one of the buttons, 
the blade is caused to rotate with a quick snap action, through 
some arc of a circle—usually about 85 or 90 deg. Then by 
pressing the other button, the blade movement is reversed— 
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that is, it rotates through the same arc in the opposite direction. 
Th^is, by pressing first one button and then the other, the 
blade, or blades, oscillate back and forth. As shown at III, 



Fig. 69, the switch is closed, or in the on-position. By pressing 
on the right-hand button, the rocker, R, rotates around the 
pivot r. This causes the movable contactor, B, to rotate, 
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in the direction shown by the arrow, through an angle of 
approximately 90 deg., about the shaft, S, as a center. Thus, 
after rotation B and C do not contact, and the switch is open. 
Then, by pressing the left-hand button, the action is reversed, 
and the switch is thereby clot^d. The operation is explained 
in detail below. 


Explanation. —The operation of the two-bntton, flush snap switch 
of Fig. 69 is illustrate'! in Fig. 70. The switc h-parts in Fig. 70 bear the 
same reference letters as corresponding parts in Fig. 69. Tu Fig. 70-7, 
the switch is in the off-position, and is held there by the spring, as 
follows: One end of E presses to Ihe left against the cross-piece, G, which 



Fio. 70.—IlluBtrating operation of a two-button, flush, snap-switch rnpchanism of the 
relcaso-catch typo {Bryant Electric Co ) 


is carried by the rocker, R. The other end of E presses to the right 
against the cross-piece, 77, which is carried by the movable contactor, B. 
The cross-piece, 77, is prevented from moving to the right by the prong 
on the ratchet, J. 

To operate the switch, button A is pushed downward. This action, by 
rotating the rocker, 77, about the pivot T, carries Q to the right as shown 
in Fig. 70-77. This movement of to the right spreads the ends of the 
spring, thus increasing the tension therein. Also, as 77 is rotated about 
T, the ratchet, /, is caused to move upward, so that when R has almost 
reached its extre ne position the prong of the ratchet slips out of 77 aa 
shown at 77. This leaves H free to move. Thus, H being free to move, 
the spring-tension rotates, with a vigorous snap-action, the movable 
contactor, B, around the shaft, B, as a center, until 77 strikes the frame as 
shown in Fig. 69-777. The switch is now in the on-position or closed. 
When the pressure on A is released—after the movable contactor, B. is 
in the position shown at 777—the ratchet-spring, L, moves 
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in the position shown at III—the ratchet-spring, L, moves the ratchet 
downward so that the right-hand prong of the ratchet engages and 
holds H in the same maimer as shown at Fig. 70-7. if button D is 
now pushed, the operation explained above is reversed, and the movable 
contactor will be rotated, in the opposite direction, to the open position. 

92. A Lever-type, Two-button, Flush Snap-switch Mech¬ 
anism is illustrated in Fig. 71. Sec also Fig. 83 and 
accompanying explanation. As shown at III, the movable 
contactor, B, and the stationary contactors, C, are in contact. 
Hence, the switch is closed. By pushing the left-hand push¬ 
button, the movable contactor, B, is caused to rotate with a 
quick snap-action movement through an angle of about 80 
or 90 deg. Then, since B and C are no longer in contact the 
switch is open. A detailed explanation of the operation of 
this type of switch mechanism is given below. 

Explanation —The discussion which follows refers chiefly to Fig. 72. 
However, those reference letters which appear in both Figs. 71 and 72 are 
applied to corresponding parts. As shown in Fig. 72-7, the spring, S, 
acting on the rocker-cross-piece, jP, and the movable-contactor-cross¬ 
piece, (7, tends to push F upward and to the left, and it tends to push G 
downward and to the right. Therefore, this spring-pressure holds the 
movable contactor, B, in the position as shown at 7. Assume that the 
stationary contactors (C, Fig. 71, not shown in Fig. 72) are so located that 
when B is in the position as shown in Fig. 72-7, the switch is closed, and 
is therefore, held by the spring in the closed position, as explained above. 

By pressing downward on button A, the rocker, R, rotates about the 
pivot, E. This causes F to move downward and to the right, thus 
compressing the spring, as shown in 77. As soon as R has rotated beyond 
the position of 77, the spring tension acts to force F upward and to the 
right, and to force G downward and to the left. However, when R hjis 
reached the position shown in II, it is almost to the end of its travel. 
Therefore, the spring acting downward and to the left on G, moves G to 
the left with a *‘snap/' until it reaches the position shown in 777. This 
movement of G rotates the movable contactor, B, about a circular 
shoulder, K, which is carried by the stationary frame, 77, to the position 
shown in 777, thus opening the switch. To reclose the switch, the above- 
described operation is merely reversed. 

93. A Two-button, Snap Switch, Which Has The Buttons 
Tbranged In Tandem is shown in Figs. 73 and 74. This 
switch mechanism operates on the oscillating-bladc principle 
(Sec. 91). Pushing one of the buttons causes the blade to 
rotate through about 90 deg. Pushing the other button 
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causes the same blade-rotation in the opposite direction 
Thus, the switch is opened and closed. Each cf these rota¬ 
tions occurs with a snap action as explained below 



Fig 71 —Lever-type, two-button flush snap switch (A part of the porcelain is broken out to show the mechamsm 

Bryant Flerf tr Co ) 
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ConhKfor 
I-On Position 


• Movcm Contactor Cross hsce 

1“ Position Just before 
Svfitch-Blode Movement Occurs 


lll”0ff Position 


Fig 72 —Ulustratinc; operation of a two button flush Buapnswitch mechanwin of the 
lever-type {Bryant EUctric Co ) 
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Pio. 73 —Tandem, two-button, straight-through snap switch {hist No, 7060, Cuilvr* 
Hammer Mfg Co ) 
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Fir, 76. The movable contactor (B, Fig 76) carries two lugs, 
L, one of which normally rests m the middle or lowest point of the valley, 
V (Fig 76-7), and the other rests at the foot of the hill 11. This holds 
the blade in the open position shown at 7. 


I IG 



Cov'er 

Insulating 
L imng 



5 nef la 
Post 


Push 

dution 


~>Y 


I-Sec + lon y Y H Top View, Cover Removoot 

71 Sinulo-polc, tandem two-bultoii suifui map BWitth (//fsf No 7108, 
( utler-Ifammrr Mfg ( o ) 


If the right-hand button is pushed to the left, the valkn-lug slides up 
the side of the valley and the hill-hig slides up the side of the hill, as 


5 Mj. Sprncf Hill 

L S L Movable Con factor ' 1/ L 

jp 


B Push 
’ L Bu'^fon 

1 !_ ' { <basL 

5 ic View 




Top View Top View 

H Position Just Before TS[ Closed Position 
Blade Movement Occurs 


BT"Showing Construction Of Movable And 
Stationary Contactor* 

Fig 75—Illustrating the operation of the hill-and-valloy snap-switrh mechanism 


shown at IL This tends to rotate the upper end of B to the left (Top 
View, 77), and also to rotate the lower end of B to the left. Conse¬ 
quently, no rotation can yet occur. However, the two lugs, L, one sliding 
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up the valley and one up the hill, do raise the movable contactor upward, 
thus compressing the spring, as shown in 11, A consideration of /F 
will disclose how B may be raised and yet B and C still remain in contact 
with each other. When the button is pushed a little farther to the left 
than is shown at //, the hill-lug will slip over the top of the hill. The 
compressed spring {S, Fig. 75-/7), pushing downward on then causes 
the hill-lug to slide down the hill and the valley-lug to slide back down the 
valley. This causes a quick snap-action rotation of in a left-hand 
direction, thus closing the switch. If now the left-hand button is pushed 
to the right, the switch will bo re-opened, by an operation which is just 
the reverse of that described above. 

94. Another Tandem, Two-button, Snap Switch is illustrated 
in Fig. 76. Although the mechanism of the switch in Fig. 



Pig. 76.—Top view, with oovor rfmoved, of tandem, two-button, sinKle-pole, "feed- 
through” or straight-through snap switch (liia'er Matlnne cfc Tool Co ) 

76 is different from that of Figs. 73 and 74, the same general 
effect as that which is described in kScc. 93 is produced by 
pushing the buttons. A detailed explanation of the operation 
of the mechanism of Fig. 76 is described below. 

Explanation. —The switch as shown in Fig. 76 is open. The spring, 
Sf has one of its ends secured to the movable contactor, B, and the other 
end secured to the metal strip, Ey which carries the push-buttons. When 
the switch is in the open position (Fig 76), the spring being under tension, 
pushes downward and to the left on the movable contactor, B; and, at 
the same time, it pushes upward and to the right on the metal strip, E, 
This spring pressure holds B in the position shown. B is pivoted at its 
center. 

By forcing the upper push-button downward, that end of the spring, 
S, which is secured to the metal strip, Ey is also moved downward. This 
downward movement of the spring-end further compresses the spring, 
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thus increasing the tension therein. Also, this downward movement of 
the sprmg-end changes the direction of the force which the spring exerts 
on the movable contactor, B, When the sprmg-end which is carried by 
E has moved downward until it is below a horisontal hne through the 
point where the other end of the spnng is secured to B, the force on J5 is 
upward and to the left. As soon as the direction of the force on B 
becomes upward, B rotates with a snap aeiion m the right-hand direction 
until the ends of B are in contact with the stationary contactors, C, 
whereupon the switch is closed After this roiacion, the spring is again 
in the same relative position with respect to B and C as it was before the 
switch was closed The switch may be re-opened by a reversal of the 
above-described operation. 

96. The One-button Door Switch of Fig. 77 is designed for 
installation in a door-janih (see Div. 8), so that opening and 

Sw/fch 


rrotme buifon 5pr nff Wire Holes 




TlSide View Wi-th Porcelain broken Away To Show Mechanism 
IG 77 —Ono-Button single-pole door switch {Lint No 2355, Bryant hlectrvc Co ) 


closing the door operates the switch. The switch, as shown 
(Fig. 77) is closed. Pressing downward on the button rotates, 
with a snap action, the movable contactor upward about the 
pivot, D, thus opening the switch. When the pressure on 
the button is released, the switch snaps closed. The operation 
of this mechanism is explained below. 
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Explanation. —The switch-blade snap-movement which occurs in the 
operation of the switch shown in Fig. 77 is identical with that which 
is described under Sec. 92 in connection with Fig. 72. That is, when the 
button (Fig. 33-/7) is pushed downward, the upper end of the switch¬ 
spring, S^ is rotated and compressed—as explained in Sec. 92 —^until it 
acts upward on the movable contactor, Tf, thus rotating B with a snap 
to the open position shown by the dot-dash line in Fig. 77-/7. When B 
is rotated to the open position, the tendency of the switch-spring, S, Ls—* 
just as in Fig. 72—to hold it in this position. However, when the pres¬ 
sure on the button is removed, the tension in the operating-spring, O, 
which was compressed when the button was forced downward, overcomes 
the tendency of to hold B open, and acts to push the button upward. 
Consequently, the switch is closed with a snap when the pressure on the 
button is removed. In other words, the operating-spring (O, Fig. 77-/7) 
operates the switch—when the button-pressure is removed- -in essentially 
the same manner as when button />, (Fig. 72-/7) is pushed with the finger. 

This type of switch is also made so that when the button is held *‘in^’ 
the switch is closed, and when the button is released, it is opened. 

96. The Operation Of Momentary-contact Snap Switches 

(Figs. 78 and 79) is similar to that of the door switch (Sec. 95) 
in that each contact remains closed—or open—only while 
the push-button is held in. Momentary-contact snap 
switches are made in two different types: (1) Thom wherein 
the switch is normally operij so that when the button is pressed 
inward, the movable contactor rotates, with a snap action, 
to the closed position. Then when the pressure on the button 
is released, the movable contactor rotates in the opposite 
direction to the open position. (2) Those wherein the switch is 
normally closed^ so that pressing inward on the push-button 
opens the switch and removing the push-button pressure 
closes it—both the closing and opening operations occurring 
with a snap action. Some momentary-contact snap switches 
arc so made (Fig. 79) that two switches, each having its 
own push-button, are mounted in the same porcelain cover. 
Thus, two separate circuits may (Div. 8) be controlled from 
the same location. The operation of the mechanism of a 
momentary-contact switch is explained below. 

Explanation. —The normal position of the mechanism of a momen¬ 
tary-contact switch (porcelain casing removed) is shown in Fig. 78-7. 
The same mechanism with the movable contactor and the switch spring 
removed is shown at 77. The ends, Ei and Ej, of the switch spring, 
which is carried by the shaft, Sy hold the switch in its normal position 
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shown at /, as follows: The end of the switch spring, Ei^ tends to produce 
right-hand rotation of the arm, A, about shaft ilf as a center. As shown 
at //, the arm, A, is prevented from rotating to the right by the ends of 
the operating spring, 0. The other end, of the switch spring (Fig. 


Encfs Smfch 
\ 5 prmg 



< *- Push-Bui fort . - 


Arm -, 


Operating^ 

Spring 

I-Normal Position 


Morab/e- Con fore for 
Shaft 


Notch 

Movable 
Contactor 
^haft 


^ Stationary^ 
Frame 



H-Normal Position, Switch 
Spring Movable 
Contactor Removed 



Arm I, 
Shaft-M 


Bi-Position Just Before Rotation Of jy-Position Before Rotation Of 
Movable Contactor Occurs. (Switch ^ Movable Contactor Occurs 
Spring And Movable Contactor Removed ) 

I la 7S—Showing opoialion of momentary-contact 8nap-Bwit<h mechamam 
(t Htgtman Mfg Co ) 


{Hart 


78-/) tends to produce left-hand rotation of the movable contactor, B 
(Fig. 80) by pushing to the left on the lug, L—L is rigidly fastened to B, 
Left-hand rotation of B is prevented by another lug, D —which is also 
carried by B —engaging in a notch, (Fig. 78-//) in the stationary 
frame, F. 
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When the push-button, C, is pushed downward, the arm, A, is rotated 
to the position shown in III and IV, As shown in IV^ the lug at the 
upper end of A spreads the spring-ends, Ex and E^^ apart, thus tending 
to rotate B to the right and at the same time increasing the tension in the 



End Of Tr«ve\ Rtturnmoj To Hormol Position 


Fia. 79 —Showing operation of nomentary-contact snap-switch mechanism. (Two 
mechanisms are shown mounted back to back, thus two switches may be contained 
within a single porcelain casing. {Hart dk liegeman Mfg Co ) 





Side View 


switch spring, (When there is no force exerted on the switch spring 
the normal distance between the ends, Ex and E^t is approximately equal 
to the width of the lug. L.) Rotation of B cannot yet occur because of 
lug /y, (Fig. 78-7F) which is carried by R, striking lug O, which is on arm 

A, When A is rotated to the right a 
.Circuit Wires little farther than is shown at /F, H 

slips over (7, and the tension in the 
switch spring causes a snap-action 
rotation of B to the position shown 
in Fig. 79-/ and 80-//. 

When the pressure on the button 
is released, the operating spring, O, 
which was compressed when the but¬ 
ton was pushed inward, causes A to 
rotate to the left (Fig. 79-//). Arm 
A, thus pushing against Exj tends 
to produce, through E^ and L, left- 
hand rotation of B, However, B 
cannot yet rotate because of H striking (7, as in Fig, 79-11, When A 
rotates a little farther to the left than shown in //, (7 slips off of /T, and 
the switch-spring ends. Ex and rotate B with a quick snap action back 
to the position shown in Fig. 78-/. 

The general shape of the movable contactor, R, is illustrated in Fig. 80, 


Moveabk 
. Contact^’ 

5tafionartfCai1actu’s 
Top View 

I’Ctosed Position 3L-0pcn Position 

F 10 . 80 —Illustrating the general ar¬ 
rangement of the movable contactor of a 
momentary contact switch. 
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IL Bottom View 

Fio 81 —Ceiling>type pull switch with cover removed {Bryant Electrte Co ) 
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97. The Switch Mechanism Employed For The Snap 
Operation Of The Pull Switch of Fig. 81 is the same as that 
described in Sec. 89 in connection with Figs. 65 and 66. 
However, the shaft-rotation necessary to cause the operation 
of the switch mechanism is, in the pull switch (Fig. 81), 
produced by pulling a cord or chain, instead of by turning a 
button as in Fig. 65. Pulling the cord, C, rotates a ratchet 
mechanism contained in the ratchet-case, and at the same 
time winds up the operating spring, 0. The ratchet mech¬ 
anism engages the switch shaft and causes it to rotate far 
enough to operate the snap-switch mechanism. When the 
cord is released, the operating-spring, 0, unwinds, and rotates 
the ratchet-mechanism in the opposite direction, so that it is 
again in readiness to engage the shaft for the next operation. 

98. Various Operating Mechanisms Are Employed In 
Toggle Switches (Pig, 82). Sec Sec. 32. The method of opera- 



Fm. 82,—Flush-type toggle or tumblei switch. Fia. 83 —Illustrating operation of 

toggle or tumbler snap switch, 

tion of one type of toggle switch may be understood by a con¬ 
sideration of Fig. 83. Pushing the handle, F, of the toggle lever 
backward and forward produces exactly the same effect as alter¬ 
nately pressing the buttons of the switch described in Sec. 92. 

99. Snap Switches Are Manufactured In Several Different 
Forms. The more general forms are: (1) Surface, (2) 
Flush, (3) Pendent, (4) SiraigU4hrough, (5) Canopy, 
Various applications of each of the above-listed forms are 
discussed in the following sections. 

Note.—-Snaf Switches, Which Embody The Vabious Types Of 
Opbbating Methods Previously Described Herein, Are Manufac¬ 
tured In Different Forms as outlined above. The types of operating 
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methods as applied to different snap-switch forms (Figs. 84 to 100 incdns- 
ive) are outlined in Table 100. The third column of Table 100 gives the 
number of the illustration wherein each of the various forms is illustrated. 



Fig. 84.—Kotating-button, surface snap switch. {Oeneral Electric Co.) 


100. Table Showing Different Forms In Which Snap 
Switches Of The Various Types Of Operating Methods Are 
Manufactured. 


Type of operating 


Form 

Illustrated in 

method 


Fig. No. 

1 

1 

Surface 


84 

Kotating-button. 

Flush 


85 

. . . i 

Canopy 


98 


Surface 


86 


Flush 


87 

Push-button. 

Pendent 


24 and 05 


Straight-through 

96 


Canopy 


99 

Pull-chain or cord ... . 

Surface 

I Ceiling 
j Wall 

22,81 and 88 
89 


Canopy 

100 


Surface 


90 

Toggle. 

Flush 


91 


Straight-through 

97 
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101. The More General Application Of Surface And Flush 
Snap Switches (Figs. 84, 85, 86, 87, 88, 89, 90, and 91) is for 
mounting on the wall near the entrance-door of a room or 



Fio 86 —Rotatmg-button, flush snap Fio 8b —Push-button surfaco snap switches 
switch {.General Electric Co ) {Culler-Hammer Mfg Co ) 

hallway for the control of lamps which are within that room 
or hallway, or for the control of lamps within a room or hallway 
adjacent thereto, PulUchaxn, ceiling-- and wall-type^ surface 
switches are generally used for controlling lamps which are 



Flo 87 —Push-button, flush Fig. 88 —Pull-chain, ceihng snap switches {Bryant 
snap switch with switch plate Electric Co ) 

removed {Bryant Electric Co 


mounted (Fig, 92) at a considerable height above the floor. 
This method of control of such a lamp-installation will usually 
require less wire than that for a pendent switch, or a rotating- 
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Tqgfgle^LeverHemetfe* 



Fia. 89 —Pull>chain, wall snap Fio. 90 —Toggle or tumbler surface snap 

switch {Bryant Electric Co ) switch. 


Hi^h Ceiling 



Pio. 91 —Toggle or tumbler flush snap switch. Pio, 02 —Pull-chain ceiling snap 
effort dt ffegeman M/g Co ). switch used to effect a wire saving 

by ehminating a double-run of wire 
to a location which could be reached 
from the floor. 
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or push-button switch, which is so mounted that it may bo 
reached from the floor. 

Nom —What Is Essentially Two-location Lamt-contbol Mat 
Be PBOYiDBn By A Pull-cord, Ceiling Single-pole Snap Switch as 
suggested in Fig. 93. At a small cost many of the advantages of a set of 
three-way switches can be secured by placing the upstairs hall light on a 
ceiling pull-cord switch, so placed that the cord may be conveniently 
reached both upstairs and downstairs. Where the cord cannot be 
dropped directly from the second floor ceiling to the first floor, the cord 
can often be carried along the wall of the stairway, using small screw eyes 




Fio 08 —Pull-cord, snap b witch, 5, so mounted that switch may bo operated from 
two floors by pullmg the cord or chain, C. 

Fio 94 —Showing how an extension may bo made for a pull-socket ao that a wall 
bracket lamp may be controlled from door A washer, W, is secured to the end of the 
cord to prevent its slipping through the screw-eye Often bell cranks can be profitably 
employed at each location where the cord direction changes, instead of the screw eyes 
as above shown 

as guides. In Fig. 94, screw eyes are fastened in the baseboard and in the 
door facing as shown. A string, which is connected to the pull-cord 
of the socket, is guided to the door by the screw-cyes. The wall lamp 
may then be controlled from the door. 

102. The Most-frequent Use Of Pendent Snap Switches 
(Fig. 96) is, probably, for the control of a single lamp, or of 
several lamps on one fixture, which are mounted at a con¬ 
siderable distance above the floor. The total installation-cost 
of a pendent switch is usually greater than that of a pull-chain 
switch, but less than that of a surface or flush switch mounted 
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on the side-wall. Pendent ewitches may sometimes be used 
advantf^eously instead of pull-chain switches in locations 
where the pull-cord of a pull- 

chain switch would not hang www-Jfc 

vertically in a straight line from 
the switch. 

Note.—Pbobablt, For Most In¬ 
stallations, The Pull-chain 
Switch Is Preferable because of 
its lower installation-cost and the 
fact that the chain or small-diameter 
pull cord which it requires casts 
a smaller shadow than doc* the lamp 
cord and switch of the pendent-switch l-Tandem-Button, l-Ptuwiie! Button* 
arrangement. Probably, also, the pull- Singlo-Pole MomentoryContwet 

chain switch is the more sightly and Pia 05 —Push-button pendent snap 
involves the lesser maintenance cost, switches. {Bryant Electric Co ) 

103. The Use Of Straight-through Snap Switches (Figs. 
96, and 97) is confined almost wholly to the control of those 




Haater Switch 


Flo. 96.—Puah-button straight-through snap switches. {Cutler^Hammer M/g. Co,) 


devices such as floor lamps, table lamps, flat-irons, toasters, 
percolators, soldering irons, small motors, and the like, which 
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Cmposlfibn 

ShelK 


are served by a flexible cord. The straight-through switch 
may be installed anywhere on the flexible cord. Por those 

devices mentioned above, which 
are not ordinarily equipped 
with switches, a straight- 
through switch installed on 
the cord near the device, pro¬ 
vides a convenient control- 
location therefor. 


Oot/ineOf _ 
Canoptf Shelf ^ 


»w*- 

Lever 

Hetnefk>^ 



IDcCoip 


Imukrtin^ 

CompoiiHon 



Flo. 97.—Straight-through toggle 
snap switch. The operation of this is 
Bubstantially the same as Fig. 83. 
(Z/tsl No 3000, Bryant Electric Co ) 


Operafing 

Buttwt 


Fig. 98.—Rotating-button canopy switch. 
{Bryant Electric Co ) 


104. The Use Of Canopy Switches (Figs. 98, 99, and 100) is, 
as the name implies, for the control of lamps or fixtures which 



Fig. 99.—Push-button canopy svatch for wall canopy, showing installation and oonneo- 

tions 


are provided with a canopy. Since they are installed on the 
inside of the canopy (Figs. 99 and 100) practical considera- 
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I-Put 1-Chain, Canopu 
Snoip Switch 


H-pMlI'Choiin* Canopy Snap Switch 
InstaUeol Instots Of Canopy 


Fig. 100.—Pull-chain, canopy snap, switch for ceiling canopy. {Lint No. Bryant 
_ Electric Co.) 
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Fia. 101.-—Flush snap switch wiring diagrams. iJVhs Bart Mfg. Co,) 






66 


LIGHTING CIRCUITS AND SWITCHES 


[Div. 2 


tions necessitate that they be small and compact in 
construction. Their rating seldom exceeds 6 amp. at 126 
volts. 

Note.—Variotts Snap-switch Wirino Diagrams are shown in Pigs. 

101, 102, ia% 101. 

± _ ^ -a-- + 

zico 

Isr-DauWe-fhle.Typcs 
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„ - 
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C0I1Z626 



Connection$.l.Off.lAnd2,0ff. 

Coit.2629 Ccit2630 




-^ 

Xl-5-Circuit Electrolier. 

. Connections I.IOtl J W ek5,aff. 
Cat. 2461.2495.2627 And 2210 


SE*!’Speed fan Motor. 
Connections: I.Z.Off. 
Cat 2631 


L.I—.. ,m,Q^ 


}DI'5‘Speed Fan Motor. 
Connections: I,t,3.0ff. 
Cat.2652 



-o- 


SET’Duplex Type D' Cat 2659. 
Connected As Two Single- 
Pole Switches 



j- 





XZ-Di^jlex Type D' Cat 2659. 
Connected As A Tw-Circuit 
Electrolier. 


mDSpCr^TDr 

Cat. 2640 & 2745 



, Sinofle- 
"" Pole And '| 
Three-Way 


jXOI 

> Three-Way’ "^ 

-. Q - 


SSt-Duplex Type D'Cot. 2709. 
Two Single-We Switches 
With Separate Feeds 




BII-Duplex Tj^'D'Cat 2710. 
(ht Sinflfie-P>le And One Three- 
Why Switch Yllith Common feed 


-03— 

St-Duplci '^pe'D'Cat. 

2750,2742 Anol 174} 


T 


SPifiB-IptO-Cat.2740 XD-Dupto Type’DCat2741 ^VCoKTa 

Fia. 102.—Wiring diagrams for flush switches. {Bryant Electric Co.) 


105. A Circuit-coimectioti Classification Of Snap Switches 

may be made according to the number of conductors which 
may be disconnected by them, and according to the sequence 
or method of making or breaking the several connections, as 
follows: (1) Single-fole. (2) Dovble-pole. (3) Tkree-poh. 
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act-wiring Oiogram To MaKe Thrto- 
Woy ^witohta Indicating. The 
Lamps In Both BulCs Cue 
Receptacies Are Lighted Whi 
over The Circuit is Closed* 


Lamp'' — 

IB-On* Cat No. «5k Thr«*-Wo[« TypoV 
Push Switch And One Rtguior 
Three-Wag ^Itch* 


Fio. 103.—Wiring diagrams for flush switches—continued. (Bryant EUetrie Co,) 


ing them are discussed in the following sections (see also 
Div. 1.) 

106. A Single-pole Snap Switch Has One Movable Con¬ 
tactor And Two Stationary Contactors (B and C, Fig. 106), 
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HhThree-Way 



1f*Thre«-An«l Fourw^^ 



Circui-t No 2 CircuH N o 1 


Circuit No Circuit No 1 

A-Double-Pote Double-Throw 


Connected As Two 5in^le- 
Pole pitches. 




M-CIrcult Electrolier* 
Connections;!, 1 , 

1 And 2, Oft 



connections;!. Off. 
2.0ff.l»lAndt,l,0ff. 



m-2*Circuit Clectrolltn 
Connections-, I,Off, 

1 And 2, Off. 



^af'^’Circuit Eifctroiier. 
Connections: 1,1 And 
2,1 And! And S, Off. 



X'Clectrolier And J-Speed 
fein floton Connections; 
1.2,■^ Off. 



ShElectrolier And 2-Spml 
Fan Motor, Connections; 
l.tAndl,Off. 1.2.0ft: 



mt Double-Dole Heater 
Switch.Operates 
HiQh, Hedtum« tow 
Anot Off. 



HT-^inaie-Dolf Hfoter 
Switch. Operodts 
Hiqh, Medium. Low 
And Off. 


Pid. 104.~~Wiring diagrams for surface switobes. {Bryant Bleetric <7o.) 
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so arranged that when the blade, or movable contactor, JB, is in 
one position (Fig. 106-/) it does not touch the stationary- 
contactor, C. In the other position (Fig. 106-JZ), the blade, 
touches both of the stationary contactors, C, and current 
may then flow through the switch from one wire to the other. 


/or Or 



I-Top Vl«w 0+ Assembly. 
Cover Anol Hotnotie Removed 


5uffon 

Hanc/fe 


current-carrying parts of 
single-pole, flush snap switches 
are arranged in essentially the 
same manner as those of the 
surface switch. 

107. “Double-deck” Is A 
Descriptive Term Which Is 
Applied To A Surface Snap 
Switch when the switch has 
two movable contactors {LM 
and C/Af, Fig. 107), one of 
which is located above the 
other. That is, the two mov¬ 
able contactors of a double 



E-Ass»mbly With Cover Removed 



Noi Touch ing Toxhmg Stationary 

Stationary Contactors Contactors 


Fio 105 -Ringle-polc Hurfure snap Kio 100—Circuit coimcction of single- 
switch {Trumbull Klctiiic Mfo Co) pole snap switch 


deck, surface snap switch lie in two parallel planes which 
are perpendicular to the switch shaft. These two movable 
contactors may, or may not be insulated from each other. 
Each movable contactor of the double-deck switch has 
one or more stationary contactors (LS and US, Fig. 107), 
located in its respective plane. These stationary contac¬ 
tors may or may not be electrically-connected to each other 
by an internal shunt. Double-pole, three-pole, four-way, 
electrolier, and scri(‘s-parallel surface snap switches frequently 
employ the double-deck construction. Sec following sections. 





K* Sect ion /VB 


'SK-Section 




IZotogram Of Connections ^ZUX Dioigranr) of Connections 
Fio 107.— niustrating Arrangement of m double-deck, double-pole, surface snap switch 

construction. Theoretically, switches may employ any number 
of decks or be of multi^eck construction. 


Imufetfina 

AfifCf^krs 


Bmfifina 
Posts^ 


Porceiam NoTE.—ALTHOUGH The MovABLB- 

___ button A 

'* AND-8TATIONABY-CONTACTOB AkBANGB- 

MENT Of Flush Snap Switches Of 
[ |yi/W//7 ^ The Oscillating-blade (Sec. 24) 

Frequently Such As To 
•' i ^MrTvjr •* Comply With The Above Definition 

Op a DoubuE-dbck Switch, the term 
* ‘‘double-deck^' is not usually applied 

rJL to oscillatmg-blade snap switches. It 
is usually applied only to revolving- 
blade switches. 

L 1 Note.—Fob Use On Highly- 

boise /Q^ INDUCnVB CIRCUITS, MULTI-DECK 

wire Si Switches Are Frequently 

^ rf / , . u Provided With Barriers of insu- 

for highly inductive circuits which is ^^-ting fibre (hig. 108). Thus, discs of 
provided with barriers of insulating insulating fibre are placed, one above, 
fibre to prevent a dangerous arc from one below, and one between each deck, 

^ thereby preventing the e.m.f. of self- 
induction from establishing a dangerous 
arc upon breaking the circuit by opening the switch. See Sec. 130 for 
"barriers^' for knife switches. 


ba^e 

‘ Wire $hts--'‘*'* 

Fio 108 —Double-deck snap switch 
for highly inductive circuits which is 


being formed when the circuit 
broken 







Porcelain base 


Umr^DKk Mowb/e Contactor 

Fia. 110—Showing one arrangement 
of a movable contactor m a double- 
deck, double>pole, revolving*blade snap 
switch. 



Fxq. 111 .—Showing arrangement of 8 ts> 
tionary contactors and binding-posts for a 
double-deck, double-pole, revolving-blade, 
snap switch. 


revolving-blade type of switch is ordinarily constructed in the 
double-deck arrangement as illustrated in Fig. 107. The upper- 
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deck movable contactor (UM, Fig. 107-/) is at right-angles to, 
and insulated from the lower-deck movable contactor, LM. 
For each movable contactor there is one pair of stationary 
contactors, .so arranged that when the switch is in the position 
shown in Fig. 107-7, the upper-deck stationary contactors, US, 



Flo 112—8ho\t mg cirr uit-oonnc (tions of doublf pole surf ace Hiiap h wilt h (Begin- 
mng with I, four opciationa causes switch to icsumt position 1 ('uircnt path is indi¬ 
cated by arrows ) 


touch the upper-deck movable contactoi, UM, also, the lower- 
deck stationary contactors, LH, touch the lower-deck movable 
contactors, LM, Thus, the switch is closed, and current may 
jflow as indicated by the ariows in the diagram of connections, 



I'Ciosed Position 
(TopButton Up) 



I-Open Position 
(Top Button Down) 


Fio 113—Illustrating < inuit-oonner tions of an oscillating-blade, two-button, double- 
pole flush snap switch 


IV. When the switch is in the position shown in Fig. 107-F, 
UM and LM do not touch either US or L<S; the switch is open, 
both wires which connect to the load are disconnected 
from the line, and consequently no current can flow The 
circuit-connections of the switch for four successive operations 
of the button-handle are shown in Fig. 112. The circuit- 
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cmnecHona far an oseOMingMade, two-bvMon, dovble-pole,Jlitah 
snap mitch are shown in Fig. 113. 

109. An Arrangement Of The Current-carrying Parts Of, 
And The Circuit-connections For A Three-pole, Surface 
Snap Switch is shown in Fig. 114. It has three movable 
contactors, each being located in separate deck. Therefore, 
it is a three-deck switch. For each movable contactor there 
are two stationary contactors which are located diametrically 
opposite one another and at the proper height or elevation 
to contact only with their movable contactor. That is, the 
upper-deck stationary contactors will contact only with the 
upper-deck movable contactor, the middle-deck stationary 



l-Closed Position I'Open Position HT-Partial Sectional 

Elevation 

Fia. 114,—Positions and arrangemont of eui rent-carrymg parts for a throo-polo snap 

switch 

contactors will contact only with the middle-deck movable 
contactor, and so on. The movable contactors are insulated 
from each other. Also, the stationary contactors are sepa¬ 
rated by insulation. The switch—which is a two-position 
switch (Sec. 41)—is shown in the closed {X)sition in Fig. 114-J, 
One operation of the handle rotates the movable contactors 
through an angle of 90 deg. to the open position at IL The 
next operation would cause another 90-dog. rotation and the 
switch would again be in the closed position as shown at I, 
the movable contactors having been rotated 180 deg. from I. 

110. A Typical Arrangement Which Is Employed In The 
Construction Of Three-way, Revolving-blade Snap Switches 
consists of one movable contactor (B, Fig. 115-F) and four 
stationary contactors, C, Two of the stationary contactors 
are connected together by a shunt, S, within the switch. The 
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biading-poBt is usually omitted from one of the shunted 
stationary contactors. Thus, there are only three binding- 
posts on a three-way switch. As illustrated in the diagram 
of circuit-connections (Fig. 115) the movable contactor is, 




Trcmttr 


froivelers. Sfertionary 
\ Contacfors, 



opp 

elecirHCJ 

the oth( 



I^Pbsition A 
Top 5utton Down 


S-Position B 
Top Button Up 


nr** D wsgr am mottc 
Section 


Fig. 116.-~Po0itions and construction of a three-way flush snap switch of the osoillat* 
ing*blade type. (Arrows indicate possible current-paths. The black filled-in circle 
represents a push-button up or out. The white circle represents a push-button down 
or in.) 

Explanation. —One operation of the button-handle causes the 
movable contactor (Fig. 116) to rotate through an angle of 90 deg. 
If, then, with the first operation of the switch-handle, the n^ovable 
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contactor is in the position shown at fig. its positions for successive 

operations will be as shown at II, III, and IV. The possible current^ 
path for I and II is the same as that for III and IV, although 
ihe movable-contactor in III and in tV has been rotated 180 deg., 
respectively, from I and from IL It is a two-position switch (Sec. 41); 
one position is shown in I and III, and the other position in II and IV^ 
Note.—The CmcuiT-coNNECTiONs and Typical Construction- 
arrangement Of The Current-carrying Parts Op Three-way 
Flush Snap Switches Of The Osoillating-bladjc Type are illustrated 
in Fig. 116. The same circuit connections are h rein provided as in a 
three-way surface switch C g- 115). 



I-Swil^ch A, Posttion 1: Switch 0, Position 1* Lamp Off 



I-Switch As, Position 2; Switch 5. Position 1;Lamp On 



EL-Switch A, Position t*, Switch B, Position 2; Lamp Off 



ST-Switch A. Position 1; Switch B» Position 2; Lamp On 

Fia 117,—Showing possible circuit-conuectiona effected by two thrco-way switches 
connected for two-location lamp-control 


Note.—The Four Possible Circuit-connections Provided by 
Two Three-way Snap Switches Connected For Two-location 
Lamf-control is illustrated in Fig. 117. As shown at I, the lamp is off. 
By operating switch A —practically all revolving-blade switches turn in 
right-hand direction only —II results and the lamp will be on. Or, by 
operating switch B, IY results, and the lamp will be on. Similarly, by 
tracing out the circuit-connections provided by the other possible switch¬ 
blade positions, it will be evident how the lamp may, with either A or B in 
any position, be turned either on or off by either A or B. Although the 
diagram in Fig. 117, is shown for a three-way surface switch (Pig. 115), 
the principles outlined therein are essentially the same as those for a 
three-way flush switch (Fig. 116, see also Div. 6). 
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111. A Typical Constraction-arrangemeiit Of The Current- 
carrying Parts, And The Various Circuit-connections Through 
A Four-way, Revolving-blade Snap Switch are shown in Fig. 
118. The switch (Fig. 119-/) has four binding-posts. Each 
binding-post has two stationary contactors (Ci and 0%, Fig. 
119-/J), one located in the upper deck, and one in the lower 
deck. The two movable contactors are of the form shown at 
III in Fig. 58. These two contactors (Ri and Fig. 119), 
are located, one in the upper deck and one in the lower deck, 
and are insulated from each other. They are (Fig. 58-///) so 
shaped that each movable contactor always, except during 
operation, makes contact with two adjacent binding-posts. 
Successive operations of the switch causes the movable 


Travt/ers- Lower-Oeck Mimible Cmtacfor^.^ 



I* First 
Operation 


S'Second 
Operation 


311-Third 
Operotion 


IT-Fourth 

Operation 


Fiq. 118.—Positions of successive opierations and construction of a four-way snap 

switch. 


contactors to rotate through an angle of 90 deg., as shown in 
Fig. 118. The possible current-paths through the switch are 
indicated by the arrows. 

Note.—Movable-contactor Positions Op Foub-wat, Obcillat- 
INO-BLADE, Flush Snap Switches are shown in Fig. 120. Four-way, 
flush snap switches provide the same circuit-connections as do four-way 
surface snap switches (Fig. 118, see also Div. 5). > 

Note. — A Four-way Switch Is A Commutating Switch. That this 
is true will be evident from a consideration of the polaraties shown in 
Fig, 118. That is, in alternate positions, it changes the current direction 
in the circuit feeding from it. In I and III the left-hand wire is positive 
(d-) whereas in II and IV the left-hand wire is negative (~). 

Note.—The Eight-possible Combinations Op Switch-blade 
Positions And Circuit-connections Provided By Two Threb-wat 
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jhio 119—-Showing ooUBtruction of four-way, surface snap switch (List No 2188* 
Bryant EUcir%c Co ) 
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Switches An© One Foub-wat Switch, Connectb© Foe Theee- 
tocATioN Lamp-control are shown in Fig, 121. With the switches, A, 
B, and C, in the positions as shown at /, the lamp is on. By operating 
either switch A, B, or (7, the lamp will be turned off as follows: (1) 
Operating A, II results, (2) Operating B, V results, (3) Operating C, IV 
results. Similarly, it can be shown that with any one of the combina¬ 
tions of switch-blade positions which lights the lamp (Fig, 121-J, -///, 
-VI and -F///), one operation of either A, B, or C will extinguish it; and 
vice versaf if with any combination of positions, the lamp is off (//, /F, 
F, and VII) one operation of either A, B, or C will light it. Thus with 
any one of the above eight combinations of switch-blado positions, the 
lamp may be turned either off or on by either switch A, B, or C (see also 
Div. 6). 



I- Single Contactor Switch I* Double Contactor Switch 


Fio. 120.—Positions of four-way flush switches of thf‘ OHrillating-hlaiip typi^. 


112. Electrolier Snap Switches Are Made In Both The 
Single- And Multi-deck Types. Usually, two-circuit electro¬ 
lier switches have only one deck and three-circuit switches 
have two or more decks. Practically all electrolier switches 
are of the revolving-blade type (Sec. 23). A typical two- 
circuit electrolier switch and the circuit-connections provided 
thereby, is digrammed in Fig. 122. The switch (Fig, 122) is 
of single-deck construction, having one T-shaped movable 
contactor, and three binding-posts. Eiich binding-post 
carries one stationary contactor. For complete discussion of 
electrolier switch circuits see Div. 7. 

113. The Construction And Circuit-connections Of Series- 
parallel Snap Switches are fully described in Div. 7.* These 
switches usually employ a multi-deck arrangement. The 
movable contactor on each deck may be of either the T-, L-, or 
I-shape (Fig. 68). The binding-posts carry one stationary 
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I-Po*itionl Position 1 Position! OH 



I-Position 2 Position! Position! OFF 



Bi-Position 2 Positionl Position 2 ON 



32 Positionl Positionl Position 2 OFF 



mt-Posit ion 2 Position? Position 2 OFF 



2111 “Position! Position 2 Position 2 OH 


iiQ 121—Showing the various combinations of switch-positions and the urcuit- 
lonncctiona provided thereby foi two thrct-way and one four-way snap switch connected 
for three location lamp-control (Arrows indicate current flow ) 
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contactor or two stationary contactors one above the other, 
depending upon the desired sequence of circuit-connections. 



I-fto»»ianl; A And S Off 



Fia. 122—Illustrating construction and Fig. 123.—Indicating dial for a rotating- 
cirouit'oonnections of a two-circuit elec- button snap switch. (Hart M/g. Co.) 
trolier switch. 

114. Snap Switches Are Made In Both The Indicating And 
Non-indicating Types. An indicating map switch is one 



I'lndicatinq Disc With Slot InCover I-PoliTtod Dutton >Nith“On* 

Arid “Off "Stamped On Cover 

Flo. 124 —Showing various methods of construction of indicating surface snap switches 
of the rotating-button type. 

which, when installed, has some externally-visible marking 
which indicates whether the switch is open or closed. A nonr 

m 
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indicating 6mp mitch has no such marking. One method of 
construction which is frequently employed in indicating snap 
switches of the rotating-button type employs an indicating 
dial, (/, Fig. 63) which is fastened to, and rotates with the 
shaft. It is marked with the words (Fig. 123) and 

'^on'' so that when the switch is dosed (Fig. 124-/) the word 
"'on^' is visible through a slot in the switch-cover. When the 
switch is open, *^off’’ is visible. Another method is shown in 
Fig. 124-//, wherein a pointed button is used. The words 
“on^^ and are stamped on the switch-cover, and so 

arranged that when the switch is closed, the button points 
to ''on.'' When it is open, ilu* button points to "off" (see 
also Sec. 308). The on-* and off-indications for a two-button 
push switch are usually provided by making the buttons of 
different colors, so that, say, when the white button is in, and 
the black button out, the switch is closed; and when the black 
button is in, and the white button out, the switch is open. 

116. Snap Switches Which Bear The Approval-label Of 
The Underwriters’ Laboratories have been inspected and 
have been found to comply with certain specifications, regard¬ 
ing both construction and operation, which have been formu¬ 
lated by the laboratories. These specifications are contained 
in detail in Standard For Snap Switches, a copy of which 
may be obtained from the Underwriters' Laboratories, 207 
E. Ohio St., Chicago, Ill.; its cost is approximately $1.00. A 
brief outline of the operating requirements is contained in the 
following section. 

116. The Underwriters’ Laboratories Tests Of Snap Switch 
Operation consist of; (1) Overload test, (2) Heating test, 
(3) Endurance test. Each of these tests are briefly described 
in the notes below. For complete details of the specifications 
for these tests, sec Standard For Snap Switches. 

Note.—For A Snap Switch To Comply With The Underwriters' 
Laboratories Overload Test, the switch must—it has a rating of 
10 amp. or less—operate suc^cessfully when tested with direct current 
at 150 per cent, of the rated ampere capacity at full rated voltage. For 
switches which have a rating in excess of 10 amp., this test is made at 
125 per cent, instead of at 150 per cent, of the rated current-carrying 
capacity. To "operate successfully" the switch must open repeatedly, 
and without appreciable damage, the overloads just specified. 

6 
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Note.—For A Snap Switch To Comply With The Uxn)ERWRiTEii8’ 
Laboratories Heating Test, the temperature of the switch^jaws, 
blades, and other current-carrying parts must not, when carrying con¬ 
tinuously the rated current, rise over 54 deg. Fahr. (30 deg. Cent.) above 
the temperature of the room in which the test is being conducted. The 
temperature-rise is determined by applying the bulb of a mercury ther¬ 
mometer to the current-carrying parts, and protecting the bulb from air 
currents by putty or other suitable means. 

Note.—For A Snap Switch To Comply With The Requirements 
Of The Underwriters’ Laboratories Endurance Test, it must, when 



in*Cnd Elcvotion 


V\^rm 

tnap’ 
Swtfchtsj , 
i/nc(er fO 
Test 



•«»ST|ri 

m 5pmcf/e 


Woocf 
? 3/oc/f 


Collar 


RotcHef 

Teeth 

Sleeve 



n-Side Elevation 


m-Oetait Of SpindlOi 
Cniorged View 


Fio 125 —Machine for testing snap switches (The switches which are under test are 
not shown in I and III) 


slowly Operated at a rate not to exceed 20 snaps per min while carrying 
rated current at rated voltage, complete 13,000 snaps before failing. 
This endurance test is made with a power-driven test machine. The 
exact form of the endurance-test machine is not specified. The construc¬ 
tion and operation of a machme which has been found suitable for this 
purpose IS explained below. 

Explanation. —A Snap Switch Endurance-test Machine, designed 
for testing switches of the revolving-blade type is shown in Fig. 125. 
The switches to be tested are mounted on the machine as shown at I/. 
A non-inductive electric load, consisting of a group of incandescent lamps, 
is fed through each switch in series. The electrio load on each switch is 
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so adjusted that it is equal to rated current at tiie rated voltage of the 
switch. Then, when the driving mechanism oi>erates, the switches are 
thereby opened and closed. The device is driven by a 2,000-r,j).m. fan 
motor, Af. The whole mechanism is so back-geared that the spindles, 
which turn the switch-mechanism, rotate at about 4 r.p.m. 

Bach switch is driven through the spindle, 8, which-is illustrated in 
detail in IV. There are two ratchet teeth on the end of the sleeve, 
which is held securely in the worm gear. When it is desired to remove 
any switch from the device or to discontinue the test, the collar may be 
raised with the fingers This raises the driving shaft so that then the 
switch will no longer be rotated by the machine. iFurthermore, this 
ratchet clutch permits the switch spring to operate the switch with a 
**snap,'^ and also permits the action of any back-lash^’ which the 
switch may have. 

To prevent the porcelain switch bases from turning on the wrought iron 
base of the machine a block of wood is inserted under the base, as sug¬ 
gested in the picture. From this block of wood, wooden dowels extend 
up into the screw holes in the switch base. 

QUESTIONS ON DIVISION S 

1 . Make a sketch of a knife switch and name the various parts. 

2. Under what two headings may the materials used in knife-switch construction 
be classified? 

8 . What is the allowable current-carrying capacity per square inch of cross-seotional 
area for knife-switch blades? 

4. Describe knife-switch jaw construction. 

0 . Describe a method of obtaining firm contact between blade and jaws of a knife 
switch. 

0 . What requirement must be met in fastening the jaws to the base? Give two 
methods of complying with this requirement. 

7. By what means are the wires connected to froni-connected knife switches? To 
back’^connecied knife switches? What is the point of connection sometimes called? 

8 . When must connecting^lugs be used? 

9. Name the different materials which are usually employed in the construction of 

the following knife-switch parts: (a) Base. ( 6 ) (c) Handle. 

10 . Classify knife switches according to form. 

11 . What troubles frequently occur in knife switches? How may they be located and 
remedied? 

IS. Under w^hat three headings may snap-switch mechanisms be classified? 

18* Give the names of the current-carrying parts of a snap switch. 

14. Name the principal types of the contactor mechanisms of snap switches and 
describe each. 

15. Why are metal covers of snap switches lined with an insulating material? 

18. Describe the basic principle of snap-switch operating-mechanism. 

17. Explain the operation of one type of rotating-button snap-switch mechanism. 

18* How may push-button snap switches be classified? 

19. Explain the operation of the mechanism of a one-button, push snap switch. 

80. Explain the operation of a relea»e-c(Uch mechanism in a two-button push switch. 
Make a sketch. 

81. Explain the operation of a lever-mickanism for a two-button, push switch. Make 
a sketch. 

88 , Make a sketch showing two different button arrangements which are employed in 
two»button, push<*switoh construction. 
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il. Bxplain the operation of a momentary>coniaot switch. 

I#. Name five forms m which snap switches are manufactured and give the general 
oees for which each form is applicable. 

in. Draw the wiring diagrams hr the following snap switches, both for the surface 
and flush type!*, (o) Sitigle^pole. (b) Double^pole. (c) Threthpole, (d) Two three-way 
twitches for two-loetUion lamp-control, (e) Two three-way switches and one four-way 
switch for three-location lamp-control, (/) A two-circuit electrolier switch, (jj) A three- 
circuit electrolier switch. 

t6. Classify snap switches according to circuit-connections. 

ST. What is meant by the term double-deck as applied to snap-switches? Make a 
•ketch to illustrate Multi-deck? Draw sketch. 

as. Show by sketch the internal oircuit-coimoctious and typical construction of each 
of the following types of switches: (o) Single-pole, (b) Double-pole, (c) Three-pole, 
(d) Three-way. (e) Foot way. (/) Two-circuit electrolier. 

ffi« What device is used in snap switches which are to be used on highly-inductive 
circuits? Why? 

Show by sketch all of the possible combinations of switch-blade positions of two 
three-way switches connected for two-location lamp-control, and the current-path for 
each combination. 

fit. ij*wne as Ques. 30 for two three-way switches and one four-way switch connected 
for three-location lamp-control, 
fifi. What is an indicating snap switchf A non-indicatingf 

fifi. Explain the indicating devices which are frequently employed in indicating snap- 
switch construction, for both the rotating- and push-button types 
84. With what three operation teats must approved snap switches comply? Explain 
briefly the requirements of each test. 
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UNDERWRITERS' REQUIREMENTS 

117. Compliance With Tlie Regulations Of The National 
Board Of Fire Underwriters For Electric Wiring And Appa¬ 
ratus Is Usually Necessary if the building is to be insured 
against fire-loss. These regulations are known as the N ational 
Electuical Code (hereinafter abbreviated to Code). The 
C/ODE has no legal force except in those municipalities where 
it has been legalized by statute. Many cities have regulations, 
that are based upon and are similar to the Code, which have 
been legalized by statute or ordinance, and which, in those 
cities, must be observed. 

118. The Code Requirements Which Are Treated Herein 

are only such as relate to the installation of switches, circuit- 
wires, and fuses for low-potential (600 volts or less) building¬ 
lighting circuits. Since practically all electrical devices which 
are on the market are approved by the Underwriters’ Laborer 
tories as regards design and material, it is ordinarily necessary 
for the installer to watch only the installation requirements of 
the Code. The following sections contain the more important 
Code (1920 Edition) requirements and recommendations 
which relate to interior switch and lighting-circuit installation. 

Note.—Certain 1923-Code Roles Will Probably Be Different 
From The Corresponding 1920-Code Roles. As this book goes to 
press (February, 1923), there is being circulated a bulletin which contains 
a number of proposed changes in the rules of the 1920 Edition of the 
National Electrical Code. This bulletin was prepared by the 
Electrical Committee of the National Fire Protection Aseociation and will 
be submitted to the Natwnal Board Of Fire Underwriters at the March 
12, 1923 meeting in New York City, for the purpose of having these 
proposed changes incorporated in the 1923 Edition of the Code. At 
this time it is impossible to predict whether or not these proposed changes 
will be adopted but it appears probable that they will be. Therefore, it 

85 
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is likely that certain of the ld20-CoD£ ruleS; which are now in effect and 
upon which this book is based, will be changed in the 1923 Edition. 
Attention is directed to some of these possible changes at various places 
in the book. In any event, one should consult the 1923-Codb before 
proceeding definitely. 

Notb.—^An Approved Dbtv'icb is a device, a sample of which has been 
examined, tested, and approved for use, by the Underwriters^ Laboratories, 
The Undederwriters* Laboratories is an institution maintained by the 
National Board of Fire Underwriters^ the principal office and testing station 
of which is located at 207 E. Ohio St., Chicago, 111. All approved 
devices and materials are so labeled with metal plates, paper stickers, 
or tags, which are furnished, to manufacturers of approved equipment, 
by the Underwriters* Laboratories. 

119. Approved Knife Switches Are Plainly Marked With 
The Maximum Ampere And Voltage Rating for which they are 
designed (Code Rule 65 a). This marking (Table 120) must 
be so located that it can be read when the switch is installed. 
The voltage and the probable maximum load on the circuit 
must not exceed the voltage and ampere rating as stamped on 
the switch. A switch of larger rating than that of the circuit 
which it controls may, if the circuit is properly fused, (Sec. 169) 
be used, but it will usually be uneconomical. 

120. Table Showing Classification And Markings Of 
Emife Switches. (Code Rule 65a.) 

30 to 1,000 amp., inclusive 


Claasification 

Markings 

125 V., D.C. or A.C. Only for switchboards and 
panelboards. (With or without fuses.) 

' 125 V... Amps. 

250 V., D.C. or 500 V., A.C. (Without fuses.) j 

1 

250 V., D.C., 
500 V., A.C. 

... Amps. 

260 V.,D.C.orA.C. (With fusee.) 

250 V...Amps. 

500 V., A.C. (With 600-volt fuses.) 

500 V., A.C, 

... Amps. 

600 V., D.C. or A.C. (With or without fuses.) 

600 V.. .Amps. 
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30 to 1,000 amp., inclusive 

Classification Markings 

Triple-pole: With 125-volt spacings between blades. 125 V...AmpB. 
Por use on three-wire systems having 125 volts 
between adjacent wires and not over 250 volts 
between outside wires. 

Triple-pole: With 250-volt spacings between blades. 250 V. .Amps. 
For use on three-wire-systems having 250 volts | 
between adjacent wires and not over 500 volts be-| 
tween outside wires. 


Above 1,000 amp. 

For switches of capacities above 1,000 amperes, the A.C. rating will 
generally be less than the D.C. rating, and in such cases the marking 
should indicate the ampere rating definitely as A.C. or D.C. The 
frequency in cycles should also be stated. 

121. Switch Bases Upon Which Live Parts Are Mounted 

(Code, Class D, Bases) must be made of approved non-com¬ 
bustible, non-absorptive insulating material, such as hard 
rubber, slate, marble, porcelain, fiber, etc. The design of the 
base must be such that it will withstand the most severe 
conditions which are likely to be encountered in practice. 

Note.—Screws For Supporting Bases which have an area greater 
than 25 sq. in. must be at least four in number. Holes for the supporting- 
screws must bo so located (A, Fig. 126) or countersunk {A -f B, Fig. 127) 
that there will be at least H-in. space, measured over the surface, 
between the screw-head or washer and the nearest live metal part. 
Screws (^, Fig. 126) which are located between parts of opposite polarity 
must be countersunk. Nuts or screw-heads on the under side of the base 
must be countersunk and sealed with a water-proof compound. 

122. The Spacings Between Knife-switch Parts (Cope 
Rule 65c) must be equal to or exceed that shown in Table 123. 
The dimensions as given for break distances (Column 5, 
Table 123, and A Fig. 128) do not apply to quick-break attach¬ 
ments (Sec. 132) on switch mechanisms. 

Note.—The Minimum Allowable “ Break Or *'Between-partb- 
of-oppobitb-polarity'* Distance Between Knife-switch Parts 
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(A and B, Fig. 128, and Table 123) is taken as the shortest distanoe 
between any part of the switch-contact mechanism. That is, it is the 
shortest distance as measured between the metal blocks (contact-blocks) 
which carry the jaws, between the screw-heads or nuts at the hinge-jaws, 
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Pio 126—Showing Code requirements for disiantcs between holding screws and 
nearest live metal parts for switch bases (If area of base exceeds 2'> sq in at least 
4 holding screws must be used Distance 4 must not bt less than m ) 

or between the flared edges of switch jaws, depending upon various fear 
tures of design and construction Switches are frequently equipped with 
extensions (F, Fig 173) for enclosed fuses of either the cartridge or Edison 
plug types. However, the switch spacings given in Table 123 should not 



Fig 127 —Counter-sunk holding- Fiu 128 —Measurements for minimum allow- 
Bcrews for switch bases must be so able knife switch spacings 

located that A + is at least ^ in 


be applied to cutout bases, even though the cutout base is a part of the 
switch construction. For the minimum allowable distance between 
live metal parts of cutouts, the cutout is to be considered as a unit 
separate and distinct from the switch 

123. Table Showing Minimum Allowable Knife-switch 
Spacings. Measurements are to be taken within the area of 
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the switch base bounded by the contact parts of the switch 
mechanism (see Fig. 128). 



1 


Min. distance 


Mounting 

Maximum 

voltage 

Ampere 

rating 

I between metal 
parts of opp. 
I)olarity in in. 

Min. break 
distance in in. 
(A, Fig. 128) 




(B. I’ig. 128) 


Switch- 

125 V. 

30 

1 

1 1 

H 

boards and 
panels only 

D.C. or A.C. 

60 

IH 

1 



30 i 


1 



60 and 100 j 


IH 


125 V. 

200 and 300 


2 


D.C. or A.C. 

400 and 600 

2H 

2H 



800 to 6,000 

3 

1 2M 



30 

m 

IH 

All 

1250 V. 

60 and 100 


2 

other 

' D.C. or A.C. 

200 and 300 

2yz 


switches 


400 and 600 

2H 

1 24 



800 to 6,000 

3 

2H 



30, 60 and 100 

2H \ 

2 


600 V. 

200 and 300 

2H 

1 2H 


A.C. 

400 and 600 

2H 

1 2M 



800 to 6,000 

1 ^ 

1 2H 


600 V. 

30 and 60 

1 ' ■ 

4 



D.C. or A.C. 

100 to 6,000 

4K 

4 


Note.—Switches Mabked *'260 V., D.C., Ob 600 V., A.C/' (Code 
Rule 65d) must be provided with fuse terminals. Although such 
a switch alone may be used for either voltage, there is no such inter¬ 
changeable rating for cutouts. See Tables 161, 164 and 166. That 
is, there is no approved cutout base which is suitable for both 260 volts, 
D.C., and 600 volts, A.C. 

Note. - Switches Rated At 300 Amp. Abe To Be Used Only On 
SwTTCHBOABDS. The Only standard cutout base (Nos. 6 and 11. 
Table 161) suitable for use with a switch of this size would be of the 201- 
400-amp. classification. This would enable the 300-amp. switch to be 
fused with, say, a 400-amp. fuse which would not provide it with proper 
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ptoteoticrtu Therefore, at the time knife-switch ratings were stand^d- 
ised made to correspond with the enolosed-fuse-cutout-base ratings 
(Table 161) the 300-amp. switch was retained as a special siae for use 
only on switchboards. The 300^amp. switch was thus retained with the 
understanding on the part of the switch manufacturers that a 300-amp. 

switch would not be supplied by 
^ Is cfear Of Surface _ them as a stock article for general 



I-Front Elevation 


Fia. 129 —Part of panel-board showing 
parts of opposite polanty outside of the 
area bounded by the switch mechanism 
*'mounted on same suiface" and ‘‘mounted 
clear of surface 

Columns 2 and 3, Table 125, 
Fig. 129. 


use on individual bases. 

124. Minimum Allowable 
Spacings Between Parts Of 
Opposite Polarity which are 
outside the area bounded by 
the switch mechanism (Codjb 
Rule G5r) are given in Table 

125. This table of dimensions 
applies to busbars and enclosed 
fuses of either the cartridge or 
Edison-plug type, but it docs 
not apply to open link fuses 
(Sec. 153). In panel-board 
construction, the busbars are 
mounted on either the same 
surface {S, Fig. 129), or one 
busbar is mounted over an¬ 
other (/i, Fig. 129) clear of the 
surface. Distance given in 
, are illustrated by A and B, 


126, Table Showing Minimum Allowable Distances Be¬ 
tween Parts Of Opposite Polarity Which Are Outside Of The 
Area Bounded By The Switch Mechanism, (Code Rule 65c.) 


Voltage 


Not over 125 V 
Not over 250 V 
Not over 600 V 


(A, Fig. 129) When (B, Fig. 129) 
mounted on same When clear of sur- 
surface, in. face, in. 

y* H 

2 
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126. The Contact-block Which Cairies The Break- And 
Hinge-jawa nwist be (Code Rule 656) secured to the base or 
mounting surface in such a manner as to prevent possible 


turning of the jaws. Manu¬ 
facturers usually meet this re¬ 
quirement by using dowel-pins, 
or screws as shown in Fig. 130. 

127. The Cross-bar Must Be 
Secured To Each Blade in such 
a manner as to prevent turning 
and twisting. This is usually 
accomplished by screws, dowel- 



1 iG 130 —'Showing method of prevent¬ 
ing knife-switch jaws from turning 


pins, or a shoulder on the blade uhieh fits snugly into a 


recess in the cross-bar. 


Note.->1n Operating A Knife Switch, Firm Contact Must Be 
Quickly Made Between The Blades And The Jaws or severe arcing 
will result This is not only injurious to the switch but greatly increases 
the fire hazard Thus, if the jaws become turned, or if the union between 
the cross-bar and blades becomes loose, a heavy arc may be drawn when 
an attempt is made to close the switch. 

128. Switches Which Are Rated Above 400 Amp. At 600 
Volts, Or 600 Amp. At 260 Volts exceed the capacity of approved 

cartridge enclosed fuses (Table 
164). Such switches may be 
fused by arranging the fuses in 
multiple (Code Rule 65d) pro¬ 
vided that; (1) As few fuses as 
possible are used. (2) The fuses 
are of equal capacity. (3) The 
multiple-^arranged terminals for 
each pole are mounted in common 
as shown in Fig. 131. 

Example. —If it is desired to arrange 
multiple-fuse terminals for a two-pole 

r.o 131-ru.o terminal, mounted 8Wlt(h which is rated at 800 

m commou Sm aiw) iig 53 > amp,, 250 volts, two 400-ttmp., 250-volt 

fuses would be required for each pole (see 
Fig 635). Although four 200-amp. fuses, or one 600-amp fuse and one 
200-amp fuse in each pole, would have ample capacity for the switch, 
neither of these latter combinations would comply with Code Rule 65d. 
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A Switch Barrier (jB, Fig. 132) is a block of insulating 
material which is placed between knife-switch Jaws of opporite 
polarity. Barriers which are to be placed between the hinge- 
jaws (Pig. 132-/) must (Code Rule 65/) be of non-absorptive 
insulating material, and those which are to be placed between 
the break-jaws (Fig. 132-77/) must be of a non-combustible, 
non absorptive insulating material. The usual construction 
con-isth of a block or plate of non-combustible non-absorptive 
insulating material extending from a point, Pi, outside of the 
area bounded by and between the break-jaws to a point, Pj, 
similarly located with reference to the hinge-jaws as shown in 
Fig. 132-/7. 



I*Hin^*Jaw9 D'TopVicw IT'Srecik-Jdwe 


Fig ld2 —Barrier used to di rrrase space normalJy occupied by stiitch. 

130. Barriers Are Used To Decrease The Base-areas 
Reqtiired For Switches. That is, if a properly-dosigned 
barrier is mounted on a switch, then the switch blades of 
opposite polarity may be set closer together than if a barrier 
is not used. Barriers that are designed to be placed between 
hinge-jaws must (Code Rule 65/) be of such a size and so 
located as to provide a separation between contact parts of 
opposite polarity (as measured along the shortest insulating- 
surface path over or around the barrier) which is equal to that 
required (Table 123) for switches without barriers. Further¬ 
more, the barriers must be so located as to provide a separation 
between other current-carrying parts equal to that specified 
in Table 125. Barriers that are designed to be placed between 
the break-jaws (Fig. 132-7//) must (Code Rule 65/) be of 
such a size and so located as to provide a separation between 
contact parts of opposite polarity (as measured in the shortest 
path through air, over or around the barrier) which is equal 
to that required (Table 123) for switches without barriers. 
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EbcpuJffATlON^—WinBN Babbuces Abb V&m On Switchbs betiiireen the 
tunge^jawB; it is^ since no arc is produced at this point on opening and 
closing the switch, only necessary to provide sufficient insulation between 
the jaws to prevent “creeping'* along the surface of the switch-base and 
barrier. That is, the distance, 2A +2B rC (Fig. 132), must at least, 
be equal to that given in Column 4, Table 123. 

When a current is suddenly broken, a back- o- counter-electromotive 
force of self-induction is thereby produced. The voUagc of this counter- 
e*m.f. is generally much greater than the nnanM* ^ ullage of the circuit. 
Thus, when a knife switch i> operated t ) opt 'i a circuit, the voltage 
between the break-jaws opposite polarity may be many times the 
voltage-rating of the switch. This high voltage will, if the dielectric 
(air path) between the break-jaws is broken down, cause a vicious arc 
to be established between ^be jaws This arc, if once formed, may 
continue until the switch is entirely isolated from the source of voltage. 
Therefore, the path winch has the lowc^st dielectric strength (the shortest 
air path, as 2D + 157, Fig. 132) must at least be equal to the distance 
given in Column 4, Table 123. 

131. Stifficient Spacing For Multi-pole, Double-throw, 
Front-connected Knife Switches May Be Obtained By The 



Fig 133—Showing methml of obtaining required space between live metal parte of a 
nmlti-pole front-connected switch according to Cod® rule 

Use Of Barriers, as shown in Fig. 133. In switches of this 
type front connection-lugs, L, arc necessary on the inside jaws. 
Since these lugs extend out from the jaw, they reduce the 
horizontal clearance between jaws. The Code, Rule 65g, 
specifies that such switches must have standard switch spao- 
ings (Table 123) between live metal parts, or such spacing 
must be obtained by the use of barriers, as explained for 
hinge-jaw barriers in Sec. 130. That is, if the barrier is of a 
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height, //, then (Fig. 133), the distanee, A + 2H + W + 
must at least be equal to the distance specified in Column 4, 
Table 123. 

132« Auxiliary Contacts Of A Renewable Or Quick-break 
Type Must Be Provided On All 600-volt Knife Switches 
Which Have A Current-rating 
Of 200 Amp. Or Above, (Fig. 

134, and Code, Rule Gfic). The 
Code does not require, but it 
does recommend that a switch 
of this type be used for break¬ 
ing direct-current circuits of 
over 250 volts. 

Explanation.— As the switch blade 
(i?, Fig. 134) is opened, the auxil- 


Fia. 134 —Quiok>break switch required for Fia, 136.—Typical three-wire base- 
ratings greater than 000-v., 200-amp. ment service-eiitranco showing fuses in 

ungrounded wires. (Distnbutiou panel 
is m basement in this installation ) 

iary blade, A, is at first retained by friction between the break-jaws, /. 
Meanwhile, as B is moved upward, the tension of the spring, Sf 
is increased. Finally, jis B is opened still further, the tension of S 
becomes sufficient that it overcomes the friction between A and the break- 
jaws. Then A is abniptly pulled or ‘'snapped'^ from the jaws by S. 
This quick-hrrak tends to prevent arcing because, under normal condi¬ 
tions, the arc does not, probably, have time to form. Thus, the auxiliary 
quick-break attachment renders it impossible to draw a dangerous arc by 
opening the switch slowly if the switch is used on a circuit within its 
rating. 

133. Switches Must Be Placed On All Service Wires (Code 
Rule 24a), whether overhead or underground, in the nearest 
readily-accessible place to the point where the service wires 
(Fig. 135) enter the building. Such a switch is called a service 
switch. 

Note.—Yard-wires Running From Building To Building In 
Private Plants are not considered as services (see Sec. 10). Switches 
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are tiot, therefore, required at the point where the conductors enter the 
buildings (Cora Rule 24a), provided other switches are located on the 
mains or if the generators are nearby. 

134. The Connections To The Service Switch Must Ordi¬ 
narily Be So Arranged That When It Is Open The Current 
Will Be Cut Off From All Circuits And Devices Within The 
Building (Fig. 136). An exception is; that when the service 
switch, the service fuses, and the meter, are combined in an 
approved device, or a combination of such approved devices 
(Figs. 137, 138, and 139) which have no exposed wiring or live 
parts, then the switch may be so arranged that it does not 



Fia 136 —Service switch so wiied that all circuits and devices within the building 
may be disconnetted by opening the switch (Most watt-hour meters are designed to 
feed “from left to r ght,” which moans that the wires from the source of voltage enter 
the left-hand side of the meter and Ieti>o at the right The meter above illustrated 
feeds from “right to left ** In cities where ‘left-to-nght” feed meters are used, the 
local inspection departments ordinarily require that the energy-supply wiring to the 
meter approach the motor from the left) 


dbconnect the fuses or the meter from the line. The approved 
device is a metal enclosure, constructed and proportioned in 
accordance with Underwriters’ requirements, which encloses 
all live parts. 

136. Service Switches Must Be Enclosed In Metal Boxes 

(Code Rule 24a), except when used in connection with such 
approved devices as are specified in Sec. 134, or except when 
mounted on switchboards. The service switch is frequently- 
installed (Fig. 137) on the panel-board within a service cabinet. 
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This method of installation is not in accordance with the Code 
recommendation (not a requirement) that the service switch 




Fia. 137 Fio. 188. 

Fio 137 —Combination of approv<»d devices wherein service switch may be so wired 
that meter and service fuses are not disconnected by opex«fng service switch Note that 
the National ELBCTRif al Code specifies that all service t onduits must be permanently 
grounded unless insulated from the ground. Since the above service conduit is carried 
on a brick wall, it can scarcely be considered as being insulated It should therefore, 
probably, be grounded 

Fio 138 —Compact combination of “approved devices ” {TrumhuU Electric Mfg 
Co Service switch and fuses are in the cut-out box under the seal of the lighting com¬ 
pany, switch IS externally operated by moans of handle, It ) 


be of a type (Fig. 140) which may be operated without exposing 
the operator to accidental contact with any live parts. 
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>10 139 tia 140 

Fia |39 —Irumbull Llectr%c Company meter service switch and box—door open 
ilQ 140—rndosed externally operated service switch (Ihe words On’ and 
‘ Off ' are stamped in proper positions in the side of the sheet metal box opposite the 
(Xtrenic positions of the operating handle ) 



Fio 141—An indicating surface switch (When the switch is open “off ” is visible 
through the slot When closed, “on” is visible All exposed parts of the switch shown 
ore of porcelain } 


7 
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136. Service Switches Must Plainly Indicate Whether 
They Are Open Or Closed (Code Rule 24a). If the switch 
is of the knifenawitch type (Fig. 137) not externally operated, 
no further provision for indication is necessary; the position 
of the switch blades shows whether it is open or closed. 
However, if the switch is of the externally-operated type (Fig. 
140), or of the ‘‘snap” type (Fig. 141), the words “on” and 
“off” must be shown and be so located as to plainly indicate 
whether the switch is open or closed. 

137. Service Switches Must Disconnect All Ungrounded 
Wires Of The Circuit (Code Rule 24a). A disconnecting- 
strap may be employed in lieu of a switch blade for grounded 

conductors With three-wire, 
single-phase, alternating-current 
systems, which have a grounded 
neutral, or three-wire direct- 
current systems, the service 
switch may be so designed (Fig. 
142) as to permit cither outside 
wire to be opened independently 
of the other, but the design must 
be such that the neutral cannot 
be opened without opening both 
out side wires (see Sec 206) 

138. Switches Must Always 
Be Placed In Accessible Places 
And Must Always Be Grouped 
Insofar As Possible (Code Rule 
246). In the event of a shott 
circuit causing a fire, the faulty circuit may be more quickly 
disconnected if all switches arc located in one group than if they 
are scattered throughout a building. Furthermore, concentrat¬ 
ing the switches at a certain location facilitates rapid testing. 



on 


Pia 142 —Service switches 
three-wire groundtd-neutral system 
so arranged that neutral cannot be 
opened without opening both outside 
wires 


Note.—Service Switches Should Not Be Placed Behind Obstruc¬ 
tions such as shelving, cabinets, or the like They should also be 
mounted at a height of not more than about ft from the floor. 

139. Switches Must Be Installed, When Possible, In Dry 
Places (Code Rule 246), However, if it is necessary that 
they be placed in damp places such as basements and similar 
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locations, they must (Cobb Rule 19c) be mounted in appr(md 
boxes or cabinets. When located in wet places, or outside 
of buildings, they must be 
mounted in approved weather^ 
proof boxes or cabinets. The 
metal parts of a switch which 
is located in a damp place will 
usually corrode. The current- 
carrying parts may therebj'' be 
so affected that the switch will 
not function properly in closing 
the circuit. Or it may corrode 
so badly that it cannot be 
opened readily. Switches in¬ 
stalled in damp places are also 
more susceptible to internal short-circuits than when installed 
in a dry place. 

140. Knife Switches Should Be So Wired (Code Rule 246) 
that: (1) The blades willj when possiblef be dead (Pig. 143-//) 
when the switch is open. 

(2) Gravity will not tend to 
close them. Accidental con¬ 
tact or short circuit which 
might be produced by the 
human body or by a screw¬ 
driver is not so likely to 


I* Incorrect Tt-Correct 


Fig 143 —Correct and incorrect 
method of wiimg a single-tbrow knife 
switch 


I 5tv tch tHacii 
H>r lonla! Throw 



11 

■II 

mmm 

'iiHHi 

inimiii 

HI 



Mch To ffokt 
Blades In Open 
Position 


bladt 


Fig 144 —Double>throw switch 
so mounted that the throw is hon 
sontal 


Fig 145 —Double-throw switch, so mounted 
that throw is vertical (It is provided with 
catch, r, which engages in a depression in JS, 
to hold blades in open position This pre¬ 
vents the blades bemg closed by gravity ) 


occur if the blades are dead (Fig. 143*//) and the break>jaws 
alive, as if the blades are alive (Fig. 143-/) and the break-jaws 




100 


UQHTINQ CIRCUITS AND SWITCHES 


IDiv. 3 


dead. The Code requires that all single-throw knife switches 
be mounted so that gravity will not (Fig. 143) tend to close 
them. A double-throw knife switch may be mounted so that 
the throw will be horizontal (Fig. 144), or vertical, but if the 
throw is vertical a locking device (Fig. 145), which is so con¬ 
structed as to securely hold the blades in the open position 
when they are so set must be provided. 

141. Single-pole Switches Must Not Be Used As Service 
Switches (Code Rule 24c). A single-pole switch, when 
open, does not effect complete isolation of the circuit which it 
controls. If, in a two-wire ungrounded lighting system, a 
single-pole switch (Fig. 146) was used as a service switch. 



J ,•■Lamps , 

Q Q 


Branch*’, 


. Singite-Pote 
Service Switch 


This Wire Cannot be Isolated From f 
Circuit By Service Switch- . 


Fia. 146 —Smglo-polo switch should not be used as a service switch. 


there would be no direct means of disconnecting wire B from 
the source of voltage. Consequently a workman might, while 
making repairs to the line, be severely injured. Also, if B 
came in contact with a water-pipe, or otherwise became 
grounded, sufficient current might flow to eventually cause 
a fire, and yet not rupture the fuse. The current-flow could 
not, in this case, be stopped by opening the single-pole service 
switch, S. 

Note.—Single-pole Switches Should Not Be Used To Conteol 
Circuits Which Are Located In Damp Places (Code Rule 24c). 
A circuit which is located outside of a building or in a damp place is more 
likely to become grounded than is one which is otherwise located. There¬ 
fore, the controlling-switch for such a circuit should provide a means of 
complete isolation of the entire circuit. The average basement is not 
usually considered a damp place and therefore would not ordinarily 
require a double-pole switch. Rooms in which much washing is done, 
rooms in which there is steam, dye rooms and sometimes garages may be 
considered as damp places. When in doubt, consult the Electrical 
Inspection Department which has jurisdiction. 
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142. Siz^-pole Switches Must iTever Be Placed In Ihe 
Neutral Wire Of A Three-wire System (Code Rule 24c) 
except in a two-wire branch (Fig. 147) or tap circuit supplying 
not more than 660 watts. (See Sec. 171 for results of open 
neutral.) The neutral wire of practically all three-wire 


+ ^y-thrtnilWit.InmiehSh3k-P3kSwiich CtmmtdcPhced 
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Flo. 147.— Undesirable arrangement showing conditions which may occur when a 

single-pole switch is installed in that side of the branch circuit which is connected to 

the neutral of a three-wire system. 


lighting systems is permanently grounded, usually outside 
the building. Therefore, if the switch is placed in that side 
of the branch which connects to the neutral, as shown in Fig. 
147, and an accidental ground should occur, as at C, the cur¬ 
rent will flow through D, L, C, and along the path through the 



Flo. 148.—Preferable arrangement. Single-pole switch, when connected into that 
side of the branch which connects to the outer wire of a three-wire system, can be used 
to isolate an accidental ground. 


ground as shown by the dotted arrows, to A, thus rendering it 
impossible to extinguish the lights by opening the switch, S. 
If the other side of the branch should accidentally become 
grounded as at R, a short-circuit current, which may be 
extremely dangerous and difficult to locate, will flow through 
DBA. If, however, (Fig. 148) the single-pole switch is 
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installed in that side of the branch which connects to the 
outer wire, neither of the conditions illustrated in Fig. 147 can 
occur. 

Norn. —Reason Why DoTJBiJi-poi.n Switches Are Use ally 
Pboyidbd On The Branch Circuits In Panel-boxes And At Dis¬ 
tribution Centers is not on account of any Code rule, but because the 
double-pole switch, when open, completely isolates the branch circuit 
from the mains. Although a single-pole switch installed in the '^hot*^ 
wire (Fig. 148) of a two-wire branch from a three-wire-grounded-neutral 
system, will, when open, render the circuit ‘'dead,^' most manufacturers 
prefer to equip their panel boards with double-pole switches in the branch 
circuits for the following reasons: (1) There are many systems wherein the 
neutral is not grounded^ and the manufacturer may not know beforehand 
for what kind of a system the panel hoard will be used. Therefore^ panel 
hoards are practically always supplied with double^pole switches in the 
branch circuits so that they may be adapted to any system, (2) Equipping 
all panel boards uith the same type of switch minimizes the number of 
switches and parts which must he carried in stock. There are however 
a number of installations with single-pole switches in the branch circuits, 
a number of which may be found in New York City, which were engi¬ 
neered by J, Bassett Jones, 
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143. Single-pole Switches Are Not Generally Used On Any 
Circuits Supplying More Than 660 Watts. Although the use 

of single-pole switches is not 
specifically prohibited by the 
Code, except as outlined in 
—n Sec. 142, and practical con- 

'me/ain Switch . i • 

Bushing sidcrations usually render it 

^ [ unwise to employ single-pole 

j>istribufh!r^ Main,/^ | switches for Controlling cir- 

^ 5 cuits, the wattage of which 

RmchOcuits excccds 660. Many wiring 

^flans',,, 660Watts inspectors will not permit the 

^»se of single-pole switches for 
controlling circuits of capaci- 

Fio. 149.—Showing how a eingle-pole .. j. mi_ 

switch might be installed at -Y for the con- exceeding 660 WattS. Thc 

trol of a circuit MN of a wattage exceeding doublc-polc Switch alwayS haS 

the advantage that, when 
opened, it cuts both legs of the controlled circuit '‘dead/' It 
thereby minimizes the possibility of difficulty due to shock 
by accidental contact or by fire. 


Branch Circuits l”-4--(snrh5^4-^ 

EachSuppiying UZJ; 

660/Hafts 660Wafts jlZZ)*- 

Edison Plug Cutouts. •' 

Fio. 149.—Showing how a single-pole 
switch might be installed at Y for the con¬ 
trol of a circuit MN of a wattage exceeding 
660. 
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EbCAMi^LB.—There is nothing in the Conn to prohibit the instaliation 
of a single-pole switch, of proper capacity, at X in Fig. 149. A switch 
thus placed at X would, when opened, ^‘turn off*' all the lights feeding 
from panel P. But it might not, when open, render *'dead” both sides 
of the circuit beyond it. Hence, the use of single-pole switches for 
applications such as that of Fig. 149 should be discouraged. 

144. Three-way Switches Are Considered As Single-pole 
Switches (Cone Rule 24c). Four-way switches, and those 
types of electrolier and series-parallel switches which do not 
disconnect both wires from the source of supply, are also 
considered as single-pole switches, and the rules of Secs. 141, 
and 142 relating to single-pole switches likewise apply to these 
types just mentioned (see Soc. 251). 

146. Flush Switches Or Receptacles Must Always Be 
Enclosed In An Approved Iron Or Steel Box, except as noted 
below. This metal box (Fig. 150) must be used in addition 


Supporting-Flange For Securing Sox To 



Flo. 150.—Metallic flush switch-box for a two^gang installation. 


to the porcelain enclosure which forms a part of the switch or 
receptacle. This rule is intended to protect the switch against 
mechanical injury and to minimize the possibility of a fire 
being started inside the wall, in which the switch is installed, 
due to injury to the switch, or to arcing in the switch. 

Note.—Receptacles And Attachment Plugs At Floob Outlets 
Must Be Enclosed In Floor-outlet Boxes (Code Rule 24d) which 
have been especially designed and approved 161} for this purpose. 
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It wever, where such devices are so located that Aey are iwit subject 
to mechanical injury or dampness, departure from this rule may be 
allowed, but permission for such departure must be obtained in writing 
from the inspection bureau having jurisdiction. 



Routk/R ubber $asket Rfbre . 

not Rubber Basket flat Brass Plug Bushing 




fkmgedCashJnrtRmg 
•ReverstbkCkrvtr 



Showing Position Of Reversible Showing Position Of Reversible 
Cover When Box Is Not In Use Cover When Box Is Being Used 

As An Outlet 

Tit I'll—An approved adjustshk floor outlrt box ikiank Adam Electne Co,) 

146. Flush-switch Boxes Must, When Possible, Be Sup¬ 
ported By J4 -ill* Blocks (Figs. 152 and 153) . The blocks must, 
in new-building work, be fastened between the studs, flush 
with the back of the lath (Code Rule 24e). The switch-box 
is then usually adjusted on the supporting flanges (Fig. 150) 
BO that the front of the box (Fig 152-//) will pioject outward 


ydlockSetnush W,fh Sfuachng^ 



I-Front View 


X Side View 


Fia 162 —Flush switch box installed in nt w building ready for wiring 


about in. from the face of the studding, thus making the 
front edge of the box approximately ^ in. from the outer 
surface of the laths. Since the plaster is usually about % in. 
thick (measured from the face of the studding) the front of the 
switch-box will then lack about iii- (Fig. 153) of being flush 
with the outer surface of the plaster. This permits the switch- 
supporting screws to be left in the box while the plastering is 
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Fio. 153. Fia. 154. 

Fiq. 153.—Installation of flush switch in new building. 

Pio. 154.—Installation of flush switch box in plastered partition wall of finished 
building. (All of lath /?. and approximately one half of each of laths A and C are cut 
a way to'.iulmit box. This leaves about one half of each of laths A and C, to which the 
box is secured by screws.) 
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being done. Thereby, their tapped holes are prevented from 
filling with plaster. 



I* lo 166 ‘'—Installation of stcol outlet box ft i I ist hoard outlet 



Jia i'57 —Metal box installed for baseboard outlet 


When cleatb back of tlie lath cannot be provided, as in 
wiring a finished building, the switch-box may be held to the 
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lath (Fig. 154) by screws throiigh' the supportisg flanges. 
There is a question as to whether the construction of Fig. 154 
is in strict conformance with Code Rule 24e; but it is a fact 
that most wiring inspectors will approve this construction 
for finished-building wiring. Or if adequate support cannot 
be thus provided, it may be fastened to wooden base-blocks 
(Fig. 156) of not less than % in. in thickness, mounted on the 
face of the wall, which must in turn be securely fastened to 
the lathing with screws. A typical baseboard-outlet installa¬ 
tion is illustrated in Figs. 156 and 157. 

147. Snap Switches Are Recommended For The Control Of 
Lighting Circuits which do not carry more than 30 amp. or 
which do not have a voltage exceeding 250 volts. They 
should preferably be of the indicating type. Snap-switches 
are, since the contact-bars and jaws are enclosed, usually 
safer from the standpoints of both life and fire hazard than 
are the ordinary types of knife switches. 

148. Snap Switches, When Used In Knob And Cleat Work, 
Must Be Supported By Sub-bases (Code Rule 24/) of 



Flo. 168,—Snap flwitch mounted on po» Fio, 159. — Porcelain sub-base for 

celain knobs in knob and cleat work. mounting snap switch in exposed knob 

and cleat work. 

non-combustible, non-absorptivc insulating material. The 
sub-base must be so designed that the wires will be sepa¬ 
rated (Figs. 158 and 159) from the surface wired over by 
a distance of at least H in. This is intended to prevent the 
wires from touching the surface which supports the knobs or 
cleats. 
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Ud. Snap-switch Sub-bases Must Be Used In Raceway 
Work, except that when the switch is so constructed that it is 
approved for mounting directly on the moulding, the sub-base 
may be omitted (Code Rule 24/). Raceway-work sub-bases 
are frequently made of porcelain (Figs. 160 and 161) although 
they may be of hard wood. 



Fig 160 —Snap ewitoh mounted on por - 
celam base for mctal-raeoway work 



Fig 101 — Porcelain sub-baso for snap 
switch in metal-raceway work 


160. A Switch Must Be Used To Control Each Heating 
Appliance (Code Rule 2r)a, 2) or each group of heating appli¬ 
ances which have a capacity of more than 6 amp. or 660 watts. 
This switch must: (1) Plainly indicate whether current is 
or (2) Be within sight of the heating appliance and 

readily accessible in case of emergency, (3) Disconnect all 
wires of the circuit. This necessitates the use of a multi-pole 
switch. The single-pole switches on the individual units of an 
electric range are not to be considered as taking the place of 
the switch which is specified above. 

Note.—An Approved Attachment Plug May Be Used Instead Op 
The Switch Mentioned Above provided the rating of such a plug does 
not exceed 30 amp. 

Note. -Portable Heating Appliances Must Have Plug Con¬ 
nectors (Code Rule 256, 2), so arranged that the plug may be pulled out 
to open the circuit The plug must be so designed that no live parts 
arc exposed, cither when it is connected to the appliance or when dis¬ 
connected therefrom. The connector may be located at either end of the 
flexible conductor, or inserted in the conductor itself. 

161. FusesMay Be Classified as: (1) Open link, (Fig. 162). 
(2) Enclosed, (Fig. 163). Enclosed fuses may be further 
classified as: (a) Edison-plug type, (Fio. 163-J). (b) Ferrule- 
contact type (Fig. 163-/7). (c) Knife-blade-contact type, (Fig. 
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163-2//). The knife-blade and ferrule type fuses are also 
sometimes o^ed cartridge fuses. The more-frequently- 






Copfxr Terminals Fuse Wire 

Fio 162—Open-lmk fuses for (utoutSi switrhcs, and panel-boards 

encountered requirements of the Cope which relate to fuse 
installation are treated in the following sections. 


Ferrule Terminal 


Kmfe^Blaole Terminal 



Standard Edison Plug Tube Cap 

Screw Thread , 

n-Ferrule Con + act onVa’cV * 


Fig 163—Various types of approved enclosed-fuses 


162. Link Fuses, when ruptured by an overload current, 
produce a heavy arc and throw molten metal about. Hence, 
unless properly mounted and enclosed (Sec. 158), they provide 
a dangerous fire hazard. Because of their low cost, they are 
well adapted for, and give good results in certain industrial 
plants where they are under expert supervision. They should 
not, however, be installed in residences, office buildings, or in 
any location where they may be 
handled by uninformed persons. 

Note.—^Thb Code Dobs Not Per¬ 
mit The Use Of Link Fuses which 
have a capacity exceeding 1,000 amp, 
nor which operate at a pressure in 
excess of 260 volts. 

163. The Spacings Of Open 



Link Fuses must not be less 
than those given in Table 154 
(Code Rule 67a). The dis- 


Fig 104—Two-pole opon-link fuse 
cutout (See Table 154 for signifiloanoe 
of reference letters A and B ) 


tances, as given, apply only to plain open fuse-blocks, mounted 
on slate or marble bases, and are to be measured between the 


nearest metal parts (Fig. 164), exclusive of the fuse wire 


110 


UGRTim CIRCUITS AND SW1TCHS8 [Div. 8 


I»oper. That is, if the copper fuse-tips, T, overhang the 
edges of the fuse-block terminals, F, the spacing is measured 
between the nearest edges of the tips. 

154. Table Of Spacing Distance For Link Fuse Cutout 
Bases. (Code Rule 67a.) 

Minimum separation 

of nearest metal Minimum break dis- 

Ampere capacity parts of opposite polar-j tance, Bf Fig. 164, 
ity, Aj Fig. 164, inches 

inches 



Not over 125 volts 


0-10 

H 

H 

11-100 

1 

H 

101-300 

1 

1 

301-1,000 

IK 

IK 


Not over 260 volts 


0-10 

IK 

IK 

11-100 

m 

IK 

101-300 

2 

IK 

301-1,000 

2K 

2 


Note.—The Required Spacing Between Open Link Fuse Termi¬ 
nals Of The Same Polarity (Code Rule 67a) is at least H in. for 
voltages up to and including 125 volts, and at least % in. for 
voltages between 126 and 260 volts. This is the minimum distance 
allowable. Greater separation than that given above should be provided 
when it is practicable to do so. These spacings are intended to prevent 
the melting of a link fuse by the blowing of an adjacent fuse of opposite 
polarity. 

156. The Spacing For Open-link Cutout Bases When Used 
In Three-wire Systems must (Code Rule 67a) be at least 
equal to the distance as given in Table 154 for circuits of the 
potential of the outside wires, except that the cutouts in a 
125-volt two-wire branch (Sec. 171) of a 125-250-volt- 
grounded-neutral system may have the spacings as specified 
for not over 125 volts. 

156. Bases For Link-fuse Cutouts must conform to the 
requirements as given in Sec, 121 for switch bases, except that 
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the holes for the supporting screws must be kept outside of the 
area bounded by the outside edges of the fuse-block terminals. 
That is, a screw located at S, Fig. 126, would not be permitted 
in a link-fuse cutout base. 

157. Link Fuses Most Be Stamped (Code Rule 68&) with a 
number indicating 80 per cent, of the maximum current, in 
amperes, which they can carry indefinitely. This allows 
about 25 per cent, overload before the fuse will melt. Thus, 
a link fuse which is rated at 80 amp., must, to comply with 
the Code requirements, carry indefinitely a current of 100 amp. 
without rupturing. 

Note.—The Contact Tebminals Of Link Fuses must bo of copper or 
aluminum, (Code Rule 68a) and must have perfect electrical connection 
(soldered or welded) with the fusible part of the strip. 


168. Link Fuses May Be Used (Code Rule 23c) only on 
switchboards, or when mounted on approved bases which 

must be installed (Fig. 165) r — - . ■ .. - 

in approved cutout boxes or _ ^ 

cabinets. When they are 

mounted on switchboards, ® i ^ 

the cabinet and the cutout 6usbons^>*- y ^ 

base are not required. When I I * | 

installed in approved cutout i i ® 

boxes or cabinets, a space of t no j ^ 

at least 2 in. (Fig. 165) must I - - ^ ~ ^ 

be provided between all poi nts 

on the open link fuse (either fw lo^—rwo-wire rutout boi w»th imk 
the fuse-wire proper or ter- 

minals thereof) and any part of the cabinet, such as the metal 
walls, metal-lined walls, doors, or the glass-paneled doors. 

159. The Fuse Terminals Of An Enclosed-fuse Cutout 
Base must, except for scalable service and meter cutouts, 
(Code Rule 676) bo of either the Edison-plug (Fig. 166-/), 
spring-dip (Fig. 166-//), or knife-blade type (Fig. 166-///), to 
take the corresponding standard enclosed fuses. The spring- 
clip and knife-blade type of fuse terminals must be secured to 
the base by two screws (Fig. 166) or the equivalent thereof, 
so as to prevent them from turning. End stops must be 
provided for the cartridge-type fuse terminals to insure proper 
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location of the fuse in the cut-out base. This is, in the knife- 
blade fuse, provided by the cap, (C, Fig. 163) which fits against 
the jaws of the terminal, and in the ferrule type, by a small 
lip of turned-over metal (E, Fig. 166-//), on each spring-clip, 
against which the ferrule-contact abuts. 



Edison Screw 
'Shell 


Porcelain 

..base 


I*Cdi5on Plu 9 
Terminal 



'binding^ 


^ hcrtw^ 

Preveni-] 

Turning ‘ 

I-Spring Clip BT-Knife Blade 
Terminal Terminal 



Fia. 166.—Types of approved fuse-terminal receptacles for enclosed fuses. 


Note.—Sealable Service And Meter Cutouts are cutouts which 
are installed under the seal of a lighting company, and are therefore 
only accessible to and handled by experienced persons. The fuse 
terminals of such a cutout need not conform to the styles as mentioned 
above. An enclosed fuse having terminals which may be used for this 
class of service is illustrated in Fig. 167. It is obvious that when installed 
by a properly informed person, better contact may be provided by the 
correct adjustment of the holding-nuts, than may ordinarily be obtained 
by the use of the ferrule or knife-blade type of fuse. 



Fla. 167.—Type of enclosed fuse which may be used for service and meter cutouts when 
installed under seal of lighting company. 


160. Every Approved Enclosed-fuse Cutout Base Is Rated 
In Regard To Both Current And Voltage in accordance with 
some one of the 19 standard ratings shown in Table 161 (Code 
Rule 67c). The bases are so designed (sec Table 166) that 
one of a certain rating cannot be used with fuses which have 
either a higher voltage—or a higher current-rating. 

Example. —A cutout base which is rated at 31-60 amp., 260 volts, 
must be so constructed that it is impossible to fuse it with a 66-amp., 
260-volt fuse, or with any 600-volt fuse, even though the ampere-rating 
of the 600-volt fuse is less than that of the cutout-base rating. 
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161. Table Showing Classification Of Cutout Bases For 
Enclosed Fuses. (Code Rule 67c.) See note below. 


Rating 

number 

Not over 260 volts, 
amperes 

Rating 

number 

Not over 600 volts, 
ampgres 

Standard Plug or Cart^idob Cutouts 

1 

0~30 

1 

7 

0~30 

2 

31-60 

8 

31-60 

3 

61-100 

0 

61-100 

4 

101-200 

10 

101-200 

6 

201-400 

11 

201-400 

6 

401-600 

1 



Sealable Service and Meter Cutouts 


12 

0-30 

16 

0-30 

13 

31-60 

17 

31-60 

14 1 

61-100 

18 

61-100 

16 1 

101-200 

19 

101-200 


Note. —The above Rating Numbers 1 to 19 inclusive have been 
assigned arbitrarily by the author and are not authorized by nor do 
they appear in the Code. Every approved enclosed-fuse cutout base 
conforms to one of the 19 above ratings 

162. An Approved Enclosed Fuse Is Marked With: (1) 
The words “N.E. Code Std.” (2) The voltage and current 
rating. (On ferrule-contact fuses, this marking is on the 
ferrule or the tube, and on knife-blade-contact fuses, it is on 
the cap or the tube.) (3) A paper label (for cartridge fuses) 
which is green in color for 250-volt fuses, and red for 600-volt 
fuses. This paper label must bear the name or trademark of the 
manufacturer and the voltage for which the fuse is designed. 

163. The Style Or Type Of Terminals For Enclosed Fuses, 
Fig. 163, (except for scalable service and meter cutouts, Sec. 
159) must correspond to that specified in Table 164 (Code Rule 
68 /). 

164. Table Of Current And Voltage Classification For The 
Various Types Of Approved Enclosed Fuses And Fuse Termi¬ 
nals (except for sealable service and meter cutouts). See 
following notes. 
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Eating 

number 

Ampere 

rating 

Type of fuse and terminjil 


Not over 250 volts 

1 

0-30 

A, Cartridge fuse (ferrule contact). 

B, Approved plugs, or cartridge fuses in 
approved casings for Edison plug cutouts, 
not exceeding 125 volts, but including any 
circuit of a three-wire 125-250-volt 
system with grounded neutral 

2 

31-60 

Cartridge fuse (ferrule contact) for use 
also in approved casings for large size 
Edison plug type 250-volt cutouts 

3 

4 1 

5 1 

6 

61-100 

1 101-200 

1 201-400 

401-600 

Cartndge fuse (knife blade contact). 


Not over 600 volts 

7 

8 

9 ^ 

i 

11 1 

0-30 

31-60 

61-100 1 
101-200 1 
' 201-400 

Cartridge fuse (ferrule contact). 

1 _ _ 

Cartridge fuse (knife blade contact) 


Note. —The “Hating Numbers’' 1 to 11 inclusive were assigned by tlie 
author and do not appear in the Code. These correspond with the 
11 rating numbers given in Table 161 for “Standard Plug Or Cartridge 
Cut-outs ” A different-size approved Code standard cutout base is 
manufactured for each of these 11 ratings as shown in Table 165 and in 
addition Edison-plug-cutout bases are manufactured for ratings numbers 
1 and 2. 

Note.—The Ahove Classification Of Enclosed Fuses May Be 
Summarized As Follows: 

1. The maximum voltage is 600 volts. 

2. The maximum current-carrying capacity is 600 amp. at 260 volts, 
and 400 amp. at 600 volts 

3. The maximum rating of the Edison-plug type is 60 amp. at 250 volts. 

4. The maximum rating of the ferrule-contact type is 60 amp. at 
600 volts. 

5. The minimum current rating of the knife-blade-contact type is 
61 amp. (actually 65 amp., since the smallest fuse regularly manufactured 
in this class is of 65-amp. capacity). 



Table Of Dimensions Of The National Electrical Code Standard Cartridge Enclosed Fuse. 
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Notb —The 11 Ratizkg numbers have been assigned b> the author and are not authorised b> the Conn 
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166. The Dimensions Of Cartridge Enclosed Fuses, except 
for sealable semce and meter cut-outs, must conform to those 
specified in Table 165. The reference letters in Table 166 
refer to Figs. 168 and 169. 

Note.—Fob Spacing Distance Between Pabts Op Opposite 
PoLARiiT Op Enclosed Fuses see Column 2, Table 125 (Code Rule 
696). Parts of enclosed fuses of the same polarity may be located as 
close together as convenience in handling will allow. 

167. Automatic Cutouts (Fuses Or Circuit Breakers) 
Must Be Placed In All Ungrounded Service Wires (Code, 
Rule 23a) in the nearest accessible place, as shown in Fig. 135, 
to the point where the service enters the building, and arranged 
to cut off the current from all circuits and devices within the 
building except the service switch (Sec. 134, Fig. 136). Under 
the conditions shown in Fig. 137, both meter and switch 
may be so connected that they will not be disconnected by the 
service cutout. This is to enable an uninformed person to 
disconnect (by the opening of the service switch) the fuses 
from the source of voltage when installing a new fuse, thus 
tending to decrease the probability of an accidental short 
circuit, and a possible consequent fire or personal injury. In 
the approved combination of compact devices (Sec. 134), the 
fuses are usually enclosed in a metal cabinet which is sealed 
by the lighting company, and it is therefore presumed that 
live parts are accessible only to experienced persons who will 
not establish accidental short circuits. Thus, the internal 
connections of such a device may be arranged in any desired 
manner that will facilitate the manufacturing or installation 
requirements. 

Note.—The Yabd Wibes Which Extend From Building To Build¬ 
ing In a Pbivate Plant Are Not Considered As Service Wires, and 
need not be fused at the building-entrance provided that the next fuse 
back toward the source of energy is small enough to protect the wires 
inside the building in question according to Table 170. See Note under 
Sec. 133. 

168. Service Fuses Must Be Enclosed (Code Rule 23a) so 
that live parts are not exposed to accidental contact, except 
that when they are mounted on switchboards which are subject 
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to competent supervision they need not be enclosed. The 
term “enclosed,” in the sense herein implied, means contained 
in an approved non-combustible or sheet-metal box or cabinet 
(Figs. 137 and 140) and does not mean an “enclosed-fuse.” 

169. Fuses Must be Placed At Every Point Where A 
Change Is Made In The Wire-size, (Code Rule 236) unless 
the fuse (Fig. 170) in the larger wire will protect the smaller 
wire. Such a fuse must, for the given size of the wire which 
it is to protect, have a fated capacity which does not exceed 
that specified under the column headed Table A, B, oi C, of 
Sec. 170, according to the insulation of the wire. 


Cl S. Bubber^Covered Wtre 


Jo 
Man 


S' i 

,-A ;■ 

] 

B 

c 


'' Fuses 


i: No Fuse 

Fuses L 

il W^.NoB&ecS.6asfe, 

.. 

Reguired 

1 


<. .r 

Here 


No,66. 6c SGage, MubterCovered Wire‘‘ 


Fiq. 170. —Illustrating Code requirrment for fusinK wires at points where the wire- 
sise changes. (Such an arrangement of wire sizes as shown herein would usually be 
uneconomical and undesirable. It is only shown for explanation purposes.) 


Example.—The Code Requirements For Fusing Wires At Points 
Where A Change Is Made In The Size Of The Wire is illustrated in 
Fig. 170. In this illustration, a No. 6, B. & S. gage, rubber-covered wire 
is connected to a No. 4 B. & S. gage, rubber-covered wire at C, and a 
No. 8, B. & S. gage, rubber-covered wire is connected to the No. 4, at 
B. The No. 4 wire, which safely carries 70 amp. (Table A, Sec. 170), is 
fused at A with a 60-amp. fuse, which will, according to Table A, Sec. 
170, protect a No. 6 rubber-covered wire which safely carries 50 amp. 
Therefore, no fuse is required at C because the No. 6 wire is protected 
by the fuse at A. The No. 8 wire (capacity = 35 amp.) must be fused at 
B with a fuse not greater than 35 amp., since it will not be protected by 
the 50-amp. fuse at A. 
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170, Table Showing Maximum Allowable Current-carrying 
Capacity Of Solid Copper Wires. (Code Rule 18.) 


B. a S. Gage 
No. 

Dia. of solid 
wire in mils 

Area in cir¬ 
cular mils 

Table A. 
Rubber insu¬ 
lation, am¬ 
peres 

Table B. 
Varnished 
cloth insu¬ 
lation, am¬ 
peres 

Tabic C\ 
Other insu¬ 
lation am¬ 
peres 

IS 

40 3 

1,624 

3 



16 

50 8 

2,583 

6 


10 

14 

64 1 

4,107 

15 

18 

20 

12 

80 8 

6,530 

20 

25 

25 

10 

101 9 

10,880 

86 

80 

30 

s 

128 5 

16,510 

35 

40 

50 

6 

162.0 

26,250 

50 

60 

70 

5 

181.9 

33,100 

55 

65 

80 

4 

204 3 

41,740 

70 

85 

90 

8 

889 4 

88,630 

80 

96 

100 

2 

257 6 

66.370 

90 

110 

125 

1 

289.3 

83,690 

100 

120 

150 

0 

325 0 

105,500 

125 

150 

200 

00 

364 8 

133,100 

150 

ISO 

225 

000 

409 6 

167,800 

176 

810 

276 



1 200,000 

200 

240 

300 

0000 

460 0 

1 211,600 

225 

270 

325 



1 250,000 

250 

300 

350 



300.000 

275 

330 

400 



360,000 

800 

360 

460 

• « • « : 

1 

400,000 

325 

390 ' 

' 500 

I 


500,000 

400 

4S0 

600 



600,000 ! 

450 

540 i 

680 


1 

700,000 

500 

600 1 

, 760 



800,000 

650 

660 1 

840 



900,000 

600 

720 

920 



1,000,000 

650 

780 

1,000 



1,100,000 

690 

830 

1,080 



1,200,000 

730 

880 

1,150 



1,800,000 

770 

980 

1,880 



1,400,000 

810 

970 

1,290 



1,500,000 

850 

1,020 

1,360 



1,600,000 

890 

1,070 

1,430 



1,700,000 

930 

1,120 

1,490 



1,800,000 

970 

1,160 1 

1 1,560 



1,900,000 

1,010 1 

1.210 1 

1 1,610 


1 

2,000,000 

1,050 

1,260 

1,070 


Note.—Fixture Wire Or Flexible Cord of No. 18 B. & 8. gage will 
be considered as properly protected when fused with 10-amp. fuses 
(Code Rule 23d). 

171. Fuses Must Not Be Placed In Any Permanently 
Grotmded Wire, except that where a two-wire branch or tap, 
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which is directly connected to lamp sockets, connects to one 
outside wire and to the permanently grounded neutral of a 
three-wire system, both wires of such a tap or branch must be 



Fig 171 “~DiBtribution panel for a 110—220 volt, tlirec-wiie grounded-neutral Bystem, 
showing fuse arrangement to compljr vvith Code lequiremonts. 


protected by fuses. A correct ariangement is shown in Fig. 
171. The omission of the fuse in tlie neutral wire may be 
accomplished by the various methods as shown in Figs. 172, 
173, and 174. 





Neutraf 

bsL 


Copper 5fnp Service , 

InNe ufraf £ Switch 


Service Fuses 


-tw 


Buspar 


Fia. 172 —Copper stnp, C, ineortod in 
the fuse-block jaws of the neutral and sol¬ 
dered thereto Such a copper strip is 
used m lieu of a fuse in the grounded 
neutral of a three-wire system 


Fig 173 —Copper strip, C, permanently 
secured to base, substituted for fuse. 


Note.—^Suppose A Three-wire, Grounded-neutral SrsTEM Had 
A Fuse In The Neutral and had no fuses in the two-wire branches, 
as shown in Fig. 175. Then, if a short-circuit occurred, say at £/, 
fuse A of the neutral might be '*blown,” or ruptured This would 
result in a potential difference of 220 volts being impressed on circuit C, 
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The least damage that could then occur would be the destruction of all 
lamps connected to circuit C. Provisions are therefore made to prevent 



Fig 174 —The plug, P when screwed into the neutral-wire cutout provides a means 
of bridging this cutout thus connecting the neutral through this cutout solid ” 
(After installation the manufacturer recommends that the plug should be soldered 
therein Bryant Electric Co ) 

such an occurrence by so constructing the neutral that it will always 
remain intact except when the outside wires are opened by the switch 
(see Sec 137) 




I'^Ia 


. m 720 m Supply 
nov 


PtrmantlyGroundcdNeutral Acc^r^fa!Short OrcwfCausing 
Fuse A To Burr> Out 


■ 


■ 

1 



■ 

■ 



Fio 175—Showing probable results in a 110-220 volt threo-wire giounded neutral 
system when not fused according to Code requirements 


172. Branch And Tap Circuits Must Be So Fused (Code 
Rule 23d) that (with the exceptions recited below) no set of 
small motors, small heating devices, or incandescent lamps, 
whether grouped on one or several fixtuies or pendants, 
requiring more than 660 watts, will be dependent upon one 
cutout. On a purely lighting circuit, 16 medium or 25 
candelabra size sockets are, in the interpretation of this rule, 
assumed not to require more than 660 watts. Branch and tap 
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circuits usually consist of No. 14 B, & S* gage wire, which, if 
rubber-covered, has a safe carrying capacity (Table Ay Sec. 
170) of 15 amp. It would seem permissible to protect such 
a circuit with 16-amp. fuses. However, there is usually 
attached to the circuit No. 18 flexible cord or fixture wire, 
which has an actual safe current-carrying capacity of only 
3-amp. If a short-circuit or ground occurred on this flexible 
cord, or within a socket, the No. 18 wire might attain a suffi¬ 
cient temperature to incur a dangerous fire hazard before the 
15-amp. fuse would burn out. Such a circuit may be (Code 
Rule 25a), and usually is, fused vith 10 amp. fuses. Another 
reason for the 660-watt rule is that the small switches, such 
as single-pole, key-socket, three- and four-way switches, which 
are ordinarily used on such circuits, are not designed for 
rupturing any considerable amount of energy, and must be 
protected by suitable fuses which will limit the energy through 
them. 

Note.—It Is Possible That The 1923 Code (see Sec. 118) will 
permit a maximum of 12 outlets on one branch circuit and that such 
branch circuits may be hised as follows: 15-arop. fuse at 125 volts or 
less; 10-amp. fuse at 126 to 250 volts. 

173. Where Only One Socket Or Receptacle Is Used On A 
Circuit, (Code Rule 23d) the maximum permissible wattage 
for the final fuse in that circuit shall not exceed the capacity, 
in watts, for which the socket or receptacle is approved. 

Example. —If a single flush receptacle, which is approved for 660 watts, 
is used on a 110-volt circuit, the fuse protecting that circuit must not 
exceed: 660 -r 110 — 6 avip. This is to prevent an overloading of the 
receptacle which could be done by connecting thereto an energy-consum¬ 
ing device having, say a rating of 10-amp. at 110 volts. 

174. Exceptions May Be Made, By Obtaining Special 
Permission, To The 660-Watt Rule as follows: (Code Rule 
23d). 

A. Where No. 14 wire is carried direct into keyless sockets 
or receptacles, and where the location of such sockets or 
receptacles is such as to render unlikely the attachment of 
flexible cords thereto, the circuit may be so arranged that not 
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more than 1,320 watts (32 sockets or receptacles) may be 
dependent upon the final cut-out. 

B. Circuits supplying sockets or receptacles of the Mogul 
type may be so arranged that not more than 4,000 watts will 
be dependent upon the final cut-out, provided that: (a) The 
location of the sockets and receptacles is such as to render unlikely 
the attachment of flexible cords thereto^ (b) That the sockets 
do not have a fibre or paper lining. 

Note.—Mogul Sockets And Receptacles, must be wired witli 
conductors of a size not less than No. 12 B & S gage The length ot 
the taps from circuit wires to the point of suspension of such sockets, 
receptacles, and fixtures, must not exceed 18 in. 

Note.—It Is PosbiBui That Thl 1923-Code (see Sec IIS) will 
permit branch circuits supplying Mogul sockets to be fused as follows 
40-amp fuses at 125 volts; 20-amp fuses at 120 to 250 volts 

176. The Rated Capacity Of Fuses Protecting Branch 
Circuits shall not exceed the values given in the following 
table (Code Rule 2M): (See notes abotit 1923 Code undei 
Secs. 172 and 174.) 


Voltage 


125 or le68 
125 to 250 


Circuit not exceeding 

060 watts ^ 

1 320 watts 

1 

10 amp 1 

20 amp 

6 amp 1 

10 amp 


Note.—Fused Rosettes May Be Used only for open work in large 
mills (Code, Rule 23d). Approved link-fused rosettes are not permitted 
for use at pressures exceeding 125 volts Approvtd enclosed-fi sed 
rosettes are not permitted for operation at over 250 volts. F'or botli 
link-fused and en< loscd-fused rosettes, the fuse m the rosette must not 
have a rating greater than 3 amp ; a fuse of over 25-amp capacity must 
not be used in the branch circuit containing such rosettes. 
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176. Table Showing Size Of Conduit For The Installation 
Of Wires And Cable. (Code, Rule 28i). 


Siae of conductor. B & S 
sage 


1 


Number of conductors ir one conduit 



Minimum si/jC of conduit in inches 


14 

12 

10 

8 

6 

o 

4 

3 

2 

1 

0 

00 

000 

0000 

200,000 C.M. 
22.5,000 
2r>o, 000 

300,000 
3'50,000 
400,000 
4.50,000 
.500.000 
0.50.000 
600,000 
650,000 
700,000 
750,000 
800,000 
850 000 
000,000 
950,000 
1,000,000 
1,100,000 
1,200.000 
1,250,000 
1,300,000 
1,400,000 
1,600,000 
1,600,000 
1,700,000 
1,750,000 
1,800,000 
1.900,000 
2.000,000 


M 3i H i K 

H H \ n 

Va n 1 

^4 1 1 

1 1'4 1*4 

n 1*'4 1*4 1*4 

H 1*4 1*4 IH 

U 1*4 1*4 1*2 

h 1*4 l*i 1*2 

H l*'2 1*2 2 

1 IH 2 2 

I 1 2 12 2*2 

I 1 i 2 2yi 

1 l>i 2 2H 

Ui 2 2^ 3 

IH 2^2 2H 3 

Vi 2*2 2H 3 

l*i 2*^2 3 3 

m 2*ts 3 3*2 

IH 3 3 3'2 

1*2 3 3 3H 

m 3 3 3H 

Ibj 3 3li 4 

2 3 3H 4 

2 3>a 3*^ 4 

2 3*{j 3H 4 4 

2 34 34 44 

12 3*4 4 44 

'2 34 4 44 

I 2 3*4 4 44 

2 4 4 .5 

2 4 4 5 

I 2V2 4 44 6 

2^2 4*/]2 4^2 6 

24 4*2 44 0 I 

2*2 4*2 5 6 1 

24 44 5 6 I 

24 4*2 .5 6 1 

24 5 5 6 1 

3 .5 5 6 

3 5 I 5 6 

3 .5 (> b , 

3 5 It I 

3 5 (> I 

I 1 


H 

H 

1 

1 

14 

1*2 

2 
2 
2 

2 

2*2 

2*i 

3 
3 
3 
3 

3 

312 

34 

4 
4 

4 

4*2 

44 

44 

5 
5 
5 

5 

6 
6 
0 
6 
6 
6 
6 



1 

14 

14 

14 

2 

2 

24' 

24 

24 

3 

3 

Ui 

34 

4 
4 

4 

44 

44 

5 

6 
6 
6 
6 
6 
0 
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Noth.—^T he values contained in the above table apply only to complete 
conduit systems. They do not apply to short sections of conduit used 
for protection of exposed wiling from mechanical injury. 

176A. Polarity Identification of Rubber-covered Wire 
is shown in Fig. 175.4. Rule 26a of the 1920 Edition of 


Ouffet > 
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E Single-Pole Switch 


>1 


;Ufr 


Lire 4/ ^g- 

SrTwo-Sang Single-Pole Switches ^-Two Sang Single Pole Switches 



_lTwo Gang Single-Pole Switches 3dlI^Two Gang Single Pole Switches 
Lme ^hne Line 



Sw tches 

-( 

1 

€ 

Q 

1-1 



cutlet 


_ 

“i ll i iches . 

rf 0 


Switches 


Outef 




uf 


Outlet 

_ ^ _.il Line 

Three Y^ay Switches 

Switches j 11"" 

[1 Outlet 

XK” Three-Way Switches 


I 


X-Three V/ay Switches 
/. Swfehes 4 


Outlet 

Lire 




Xlt-Three-Way Switches 
^ Switches ^ 


Outlet 


Line 
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m= 


XS-Mams 
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Fia 176A—Showmsc how “polanty-identifioation” rubber-covered wire is connected 
in interior winng 


the Code reads as follows: ‘‘ {After July 1,1921) One conductor 
of twin rubber-covered wires of No. 12 and No. 14 sizes, and of 
twisted pair wires of armored cable must have a continuous 
identifying marking readily distinguishing it from the other 
conductor. When one of the circuit wires is to be grounded, 






Sue. 176A1 UNDERWRITERS’ REQUIREMENTS 


125 


the ground connection must be made to this identified wire and 
as prescribed in Nos. 15 and 15A.”’ In the accompanying 
diagrams (Fig. 175A) illustrating the use of the marked wires 
referred to in the above rule, the heavy line represents the 
black-covered and live wire, and the light lino, the identified 
and grounded wire. 

Note. — It Is Probable That The 1923-ri.,x)E (see note under Sec. 
118) will require: *‘P'or conductor sizes No 8 and smaller, the neutral 
conductor on all three-wire circuits and x>ne c.mductor on all two-wire 
circuits shall have a continuous identif\ing marker readily distinguishing 
it from the other conductors.'' Furthermore, '‘When one of the circuit 
wires is grounded, the ground connection must be made to this identified 
wire.*' 


QUESTIONS ON DIVISION S 

1, What 18 the National Electrical Code? 

2. Why IS (omphauce with Code requirements usually necessary? 

5. What constitutes an approved device? 

4. What inarkinRS must be placed on knife switches? 

6. What properties must knife-switch bases possess? 

6. What arc the requirements which apply to knife-switch bases? To open-link-fuie 
bases? 

7. Show by sketch, the meaning of break distance and of distance between parts of 
opposite polarity, 

8 . Why are 300-amp. knife switches permitted for use on switchboards only? 

9. Explain, by sketch, jmrts mounted on same surface; parts mounted clear of surface. 

10. How must the jaws of a knife switch be secured to the base? Why? 

11. How may switches which have a rating in excess of the maximum approved 
enclosed-luse rating be fused with enclosed fuses? 

12 . What is a switch barrier? What is its function? lllustrato with a sketch, 

18. Why must the insulation distance be greater between the break-jaws of a knife 
switch than between the hinge-jaws? 

14. Show by sketch how the required spacing may be obtained between the hinge- 
jaws of a front-connected, multi-pole switch. 

18. What 18 a quick-break switch? In excess of what current and voltage rating is 
its use required? 

16* What is a service switch? What are the requirements which pertain to its 
location? 

17. Show by sketch how a service switch must be wired in respect to its service fuses 
and meter What are the exceptions thereto? 

18. When must, and when may not service switches be enclosed? 

19. What is considered to be an accessible place for a service switch? 

20. Show by sketch the position in which a single-throw knife switch should be 
vertically mounted with respect to the source of voltage. A double-throw awntch. 

21. How should a knife switch be wired as regards the blades? Make a single sketch 
graphically answering questions 17, 20 and 21. 

22. Why should a singlo-polo switch never be used in the grounded-neutral of a three- 
wire main or feeder? 

28. Show by a sketch and explain why a double-pole switch is preferable to a single- 
pole for use in controlling a two-wire branch of a three-wire, groundcni-neutral system. 

24. Name the various types of switches which must be considered as single-pole 
switches to comply with Code requirements. 
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as* Show by sketches how the following flush switch boxes should be installed in the 
lath-and*p]aster partition of; (a) A n«w huUding. (b) A finuhed building. Also how 
the box for a baseboard outlet should be installed in a partition in a new frame building. 

as. Why are snap switches preferable to knife switches for controlling lighting 
circuits of small capacity? 

a?* How may fuses be classified? 

as* Why are link fuses frequently undesirable? Why are they well adapted for 
certain services? 

as. With what per cent, of the maximum current which they can carry indefinitely 
are link fuses stamped? 

SO* Where may link fuses be used? 

31. Name three types of approved enclosed-fuse cutout bases, and make a sk.^tch and 
give the ratings of the terminal or holder for each. 

32. What is a sealable service and meter cutoutt 

33. What are the markings which must appear on approved enclosed-fuses of the 
cartridge type? 

34. Write a summary of the onolosed-fuse classification. 

83. In generally-accessible service cutout boxes* why is the wiring such that the 
fuses are *‘dead*’ when the switch is open? 

85. Explain by sketch why fuses should not be placed in a permanently grounded 
neutral and why each conductor of the two^wirc branch of a thrce>wire grounded-neutral 
system should be fused? 

87. Give reasons for the 660-u;att rule. What are two exceptions to this rule? 
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SINGLE- AND MULTI-POLF SWITCH CIRCUITS 

177. The Single- And Multi-pole Switch Circuits which are 
described in this division, include only those circuits which 
may be controlled by one-, two-, and three-pole switches, as 
are defined in Secs. 45 to 48. Both single- and double-throw 
switches are discussed. Although throe-way, four-way, 
electrolier, and series-parallel switches are considered by the 
Code (Div. 3) as single-pole switches, their applications (see 
Index) are treated elsewhere in this book. 

178. The Most Frequent Use For The Single-pole Switch 
(Fig. 176) is probably for controlling a single lamp (Fig. 177) 
or a group of lamps (Fig. 178). 



Fig 176,—Showing use of eingle- and double-polo switches in a small residence* 

Note.—Lighting-circuit Control With Knife Switches IsUsually 
Undesirable except in service or distribution boxes. However, knife 
switches are sometimes so used in emergencies, and also in laboratories 
and test-rooms. Although the Code will permit the use of a knife 
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switch in any location provided it is properly installed, snap switches 
are, in locations other than those mentioned above, usually less expensive, 
more sightly, and also more convenient as regards installation and opera- 



Fio. 177.—Single-pole Bwitch controlling circuit of a single lamp. (Frequently a key 

socket.) 


tion. It should be noted (see Div. 2) thfit snap switches, both in the 
rotary and push-button types, are manufactured which will, within their 
capacities, perform practically the same functions as will the various 
equivalent knife switches. 



Fio. 178.—Single-pole switch controlling a group of lamps. 


179. Two Single-pole Switches Connected In Series are 

shown in Fig. 179. The lamps may bo extinguished with 
either switch, but both switches must be “on” to light the 
lamps. This method of connections may be employed where 



Ligb+S Hay 5e Extinguished By Either Switch. 

Both Switches Must Be Closed To Light The Loinps. 


Fig. 179.—Two single-pole switches connected in series. 

it is desired that the lighting of lamps be supervised from a 
remote point, ]?. That is, if it is desired that it be made 
impossible to light lamps L by the operation of P, switch R, 
which may be located anywhere, is left open. With R open, 
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the circuit cannot be closed with P. The same control as that 
of Fig. 179 is provided by connecting the lamps between the 
switches as shown in Fig. 180. Although in Fig. 180 both 
sides of the line can be opened by the two single-pole switches, 
Si and S 2 , this arrangement does not comply with the Code 
requirements relative to a double pole switch opening both 
sides of the line. 



Lights May BeE^itinguisnecI By Opening Either Switch. 
Switches Must B^Ciosed To Light The Lamps. 


Fig. 180.—Two single-pole switches connected in series with lamps in parallel between 

the switches. 

180. Two Single-pole Switches Connected In Parallel are 

shown in Fig. 181. Lamps thus controlled may be lighted by 
either switch, but both switches must be to extinguish 

the lamps. Such an installation may be used where it is 
desired that the lighting (but not extinguishing) of a lamp, or 
of a group of lamps, be controlled from a distant location. 
This is (Sec. 56), in effect, and elementary master switch. 



Fia. 181.—Two single-pole switches connected in parallel. 


181. Two Single-pole Switches Using One Wire As A 
Common Return (Fig. 182) may be used for controlling two 
groups of lamps. If the lamps are located near each other, as 
on a chandelier, a wire-saving, which is equal to the distance 
from the switch to the chandelier, will be effected with the 
wiring of Fig. 182. This arrangement is essentially equivalent 
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to that of a two-circuit electrolier switch (Sec. 294) and may be 
used in lieu thereof. A convenient switch for this purpose is 
described in Sec. 90. 



Fxa. 182.—Two ninglc-pole awitrheH utilising a common return, C, to control two 
groups of lamps. (Group li' is controlled by switch B. Group A' is controlled by 
switch A. 

182. Connections For Two Single-pole Switches Connected 
In Series To Obtain Restricted-selective Control Of Lamps 

(Sec. 17) are shown in Fig. 183. Closing and opening switch 
B will alternately light and extinguish lamp With B 
closed, successive operations of switch A will alternately 
light and extinguish, simultaneously, lamps A\ With A 



Fig. 183 —Group of lamps controlled by two single-pole switches. (Opening and 
closing B alternately lights and extinguishes B'. If B is closed, closing and opening A, 
alternately lights and extinguishes lamps A\ If A is closed, eloiing and opening B, 
alternately lights and extinguishes all lamps ) 

closed, successive operations of B results in simultaneously 
lighting and extinguishing of all lamps in the entire group. 
As in Fig. 182, only three wires are required from the switches 
to the lamps. Although only a one-and»four-lamp control of 
a five-lamp group (Fig. 183) is shown, any two-group com¬ 
bination on any number of lamps may be arranged. A two- 
button push-switch, which is so connected internally that the 
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above-described control is provided, and which is contained 
in a single porcelain cup, is described in »Secs. 90 and 299. 

183. A Single-pole, Double-throw Switch May Be Used 
To Provide Dimming Of Lights as shown in Fig. 184. When 
the switch, i), is open, all lamps, and B\ burn at one-half 
normal voltage. When the switch is closed to A, lamps A' are 
extinguished and lamps B' burn at full voltage. By closing 



Fig 184. — Single-pole double-throi^ Bwiteh, connected for dimming. 


the switch to position B, group B' is extinguished and group A' 
burns at full voltage. Note that the single-pole, double- 
throw switch, 7), will not, when connected as shown, extinguish 
all of the lights; a second switch, aS, must be provided for this 
purpose. This arrangement may be applicable for night or 
pilot-light service for long hall-ways or spacious rooms. It 
may also be used in store rooms, and other locations where it 
may be desirable to have available either an evenly-distributed 



Fia 185—Single-pole double-throw switch <onnerted so Ju.t only one group of lamps 
can be lighted at a time. 

dim light or a more-conccntrate<l bright light. It should be 
remembered that when incandescent lamps are burned at 
much less than normal voltage, they are very inefficient. With 
one-half normal voltage impressed on a lamp, its light output 
is much less than one-half normal. In fact, at half voltage, 
the filament of a tungsten lamp is only bright red in color. 

184. Single-pole, Double-throw Switch Connections For A 
Restricted Lighting Circuit (Sec. 15) where only one group of 
lamps can be lighted at any one time are shown in Fig. 185. 
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isa 

With the switch, S, in the ‘‘open ” position, neither group of 
lamps will burn. If the switch is closed to position A, group 
A' is lighted and B' is extinguished; if closed to position B, 
group B' is “on” and A' is “off.” 

186. A Single-pole, Double-throw Switch Connected To 
Provide Load-balancing On A Three-wire, Direct-current 
Circuit; A Three-wire, Single-phase Circuit; Or On A Three- 
wire, Two-phase Circuit is shown in Fig. 186. In I, the load 
is carried by side-circuit AJ5; in II, it is carried by BC. Thus, 
the switch, S, may be thrown so that the lighting-load will be 
carried by either of the “outside” wires and the neutral. If 



Fio 186 —Smglo-polr, double-throw switch connected to provide load balancing on 
a three-wire direct-cun cut circuit, a three-wire single-phusi' tirtuit or a three-wire two- 
phase circuit In I the load, L, is carried by side circuit BA In II the load is carried 
by side circuit CB. 

either of the outside wires becomes broken, the load may be 
switched to the other outside wire and the neutral, and so 
carried until repairs are made. Or, if the load imposed by 
receivers on some other part of the system liecomes excessive 
on one of the side circuits, the load of the receiver-group, L, 
(Fig. 186) may be shifted by throwing S to the other side 
circuit. Thereby balance may be partially or completely 
restored. 

186. To Assist In Balancing The Load On Three-phase 
Lighting Mains, Single-pole, Double-throw Switches May Be 
Used as suggested in Fig. 187. Two switches are required for 
each branch which is to be shifted from phase circuit to phase 
circuit. With the two switches arranged on the single-phase 
branch circuit as shown, the load on the branch circuit may be 
connected between any of the three sets of phase-wires of the 
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three-phase main. By closing the switches to the positions 
(/, II, or III, Fig. 187) shown at A', B', or C, the branch- 
circuit load, L, will be carried, respectively, by phase circuits 
A, B, or C. Note that if the switches are either both ‘ open, ” 
or both closed to the right, the lights will be extinguished. 



Fi« 187—Two BiuKlc-polo double-throw jswitehps eonmeted for balancing load on 
thrce-pboBc lighting mains If both switches ure open, or are closed to the ‘ right,** 
all lights will be “off '* 

187. Control Of Lights From Two Locations With Two 
Single-pole, Double-throw Ejiife Switches may be provided 
as shown in Figs. 188 and 189, or in Figs. 190 and 191. In 
Figs. 188 and 189, only one side of the line is connected directly 



hiQ 188—Two-location control of lamps with two single-pole double-throw Bwitches 
(Onlj one side of line, In, connected to switches ) 

to the switches, while in Figs. 190 and 191, both sides are 
connected directly to each switch. 

Note.—When Single-pole, Double-throw Knife Switches Are 
Used For Two-location-lighting-contbol, (Figs. 188, 189, 190 and 
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191), they should be so mounted that the throw of the switches will be 
horizontal rather than vertical (Sec. 140). For successful operation of 



Fi«. 189—Sinfele-poU, d(»ablc-tbrow knife snitchen used instead of three-wav BWitohet 
for I'^o-location control 

such an arrangement, both .switches must alwiiys be closeil That is, if 
the lights arc extinguished at swjioh (Fig. 18S) bv opening contact c. 



Ooubie-'t^^row 5>v 

Flo, 190—Two-location control of lamps with two smf/lc-pi.lc doublo-throv. switehes 
(Both Pidf's of hne rounected to svni<)iBa ) 

the switch blade should then be elowd (o contact a. Otherwise, the 
lamps cannot be lighted by switch B. 


Branch Orcutf-t! 


, 5 / 

..X DotiifEThrm 

^mtzhFeeef 
Wrvs~. - 









fto. Ifll.-Smgl^polc rtoublcthro, k„.f„ u«sl for t«,3-Io...f,on control. 

Z Common AppKcations Of Multi-pole 

Swtehes IS (Fig. 192) at distribution centers. The three-pole 
switch, T, controls the supply circuit which supplies the dUtri- 
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bution center, and therefore operates to extinguish ail lights 
controlled by that center. The double-pole switches, D, 
control the branches or sub-feeders (see Sec. 142). 


Dwtife-fbfe Knife 5whh€%\ 



Pio 192 —ShovkitiK appli‘ atiou of llm c polt Hiui double-poh on a panel. Tll« 

tniddlr pair of fust* cIipH (oiitaum a solid copper conductor- not a fuae 


189. The Usual Double-pole Switch Connection is shown in 
Fig. 193. This is the method which is ordinarily used for the 
control of outdoor circuits, circuits located in damp places 
(Sec. 141), and for installations wherein it is necessary, or 
desirable, that both legs of the circuit be disconnected by the 
optming of the switch. 



Fio 193 •—OrdinHr> double pole tonueilionn foi lightjug>cirruit contred 


190. Two Double-pole Snap Switches May Be Connected 
In Parallel as shown in Fig. 195-/. This gives a result similar 
to the single-pole-switch arrangement of Fig. 181. Such an 
arrangement enables the lamps to be lighted by closing either 
switch, but both switches must be open to extinguish them. 
Common errors in connection, which will result in short- 
circuit as soon as both switch<'s are closed, are shown in Fig. 
195-7/ and III. Three or more double-pole switches may be 
connected in parallel by the method of Fig. 194. 

Note.—Sinolb-thbow, Docble-pole Knife Switckeb Mat Be 
Connected To Obtain The Same Contbol Effect Ab That AnoBDBD 




136 LIGHTING CIRCUITS AND SWITCHES [Div. 4 

By Dotcbi<ii-po1iB Snap Switches How ever, errors (Sec. 198) in con- 
nectionS) which will result in a short-circuit, are not so likely to be made 
when knife switches are used as when snap-switchcb are used. 

Note.- Fok The Usttal Connections Op A Dooti.p^poi.e Snap 
Switch, the terminah. marked “L" may be used aa a guide, the hne-wires 



Fig 194 Vltthod of conneetj k thrte oi mor» iloul>l< poU switi)u*8 in parallp) 
(Lan \>8 nay be lighted bv closing an> switch MI awit^ht-s ii lx ojx n to < xtiiiguish 
lights ) 

should be connected tlierel » lh'we\ or, w hen ijiakinii; ‘ pecial connections 
with such a switch, or to any switch to whit h both sides of the line are 
connected, extreme caution must be obser\t(l to prevent a short-cireuit 
as in Fig. 195-//7 



..W y V v_.ypJ 


HL-Incorrect 


Fio. 195—Correct and incorrect mefhodB of eonntctiug two double pole Bnap switches 
m parallel (Closing both switchta in If or III will rtBult in u short txrcuit ) 


191. Double-pole Switches May Be Connected In Series as 
as shown in Fig. 196. Lamps thus controlled may be extin¬ 
guished by opening either switch, but both switches must be 
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closed to light the lamps. The result is similar to that 
obtained with the single-pole-switch arrangement of Fig. 179. 



Fio. 196.—Double^pole flwitnhes nonnerteti in srrirg, (Lifcbts may he extinguished by 
opening either switch Both switches must be closed to light lAmps.) 


192. A Series-parallel Method Of Connections For Double¬ 
pole Switches (Fig. 197) may be utilized for progressive or 
selective lighting, as in the corridors of basements. Neither 
lamp-group /?' nor C' can he lighted \intil switch A is closed. 
However, all lights may be extinguished by opening A* 
Switches H and C, which control lamp-groups located in 
different corridors or passageways, should be so located with 
respect to the lamp-group A' that they arc rendered visible 
by the light from .4'. Thus, only tlie pathway which is 



Fw. 107.—Double-pole switches connected in scneM-para-licl, for u»e in progressive} 
lighting of damp basements or out-door circuits. 

traversed as a person enters and leaves the corridor, may be 
lighted, without the necessity of lighting all of the lamps on 
the branch circuit. 

193. A Double-pole Switch May Be Connected To Provide 
Single-pole-switch Control as shown in Fig. 198. That is, 
although a doubh'-pole switch, DP, is used, only one side of 
the line is disconnected when it is Ofien. In Fig. 199 where a 
room has branches, R, in each end-partition and the specifica¬ 
tions require that the switch be located near the door in the 
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center of the room, the principle outlined above may sometimes 
be applied to effect a wire-saving. By using a double-pole 
switch, connected as shown at A, iiKstead of a single-pole, 



as shown at tlv* length of wire, D, may l)(» eliminated. 
Note that the double-pole switch di^conm ets only one side 
of the line from the source of voltage 



TT Method Whereby One Double-pole Switch May Be 
onn ^ Conteolling Two Distinct Circuits is shown in Fig. 
200. One of the circuits is completed through one blade of the 
double-pole switch, .S>. The other eiieuit is completed through 

thatT“ ^ T ariangeinent such L 

cirfuif r”’ u battery-orieraled signal 

vJ LLtinri T switch with a 110- 

volt lighting circuit is not sanctioned by the Code (Rule 16e 
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and 85j), and will not be approved by inspectors. In Pig. 200, 
as long as the lamps L are lighted, the vibrating bell, B, will 
ring. Thus, the bell provides an audible signal of the use of 
energy by the lamps. 



1 Kj 2(H) —On<* <loul>l<* polo conlroIhnK two (iistin(t orcuita 


196. Restricted-selective Control May Be Provided By Two 
Double-pole Svritches {Sec. 17) by the connections which are 
shown in I'lg. 201. If l)olh switches, .1 and (\ arc open, then 
lamps A' and B' may he lighted by closing s%vitch A, or lamps 
B' and C may be lighted by closing switch C. If both switches 
arc closed; C' may be extinguished by opening C, or, A' may be 



1*10 201 —SHootivc tontrol pra^iiicHi b> doul>lo-polc sh itches. (Lighta A* 

and B' ni«> l>c huhted bv t loeing switch A lighta IV and C' niaj be lighted by cloainc 
awitrhr (’and A arercapoctivcly extinguwhed by opening Cand 1 Both BWitchea 
mu«t be open to extingmah B') 


extinguished by opening A. With both switches open, all 
lights are extinguished; ami with both switches closed (as 
shown in Pig. 201), all lainjw ar(> lighted. It i.s, of course, 
apj)arent that a lamp-group eomprisiiig a reasonable number 
of lamf)8 which are connected in parallel may be substituted 
for cither A', B', or C\ 
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196. Series-parallel^ Or “Dimming,” Control may be 

obtained as illustrated in Figs. 202 and 203. When the switch 
is closed, al^ lamps have the full line voltage impressed across 
their terminals. When the switch is open the lamps burn at 
one-third line voltage, and, consequently, only about one-third 
of the normal quantity of energy is consumed. The branch- 



Fiq. 202.—Double-polo switch connected to proMtlt series-'pHrallel control for three 
groups of lamps, A, li and C, (When switch is closed, all lamps have the full lino- 
voltage impressed across their terminals. WThen hwitch in open the lamps burn at H 
line voltage if groups A, S and C, each contain the same total wattage-rating.) 

circuit switch at the distribution center may be used to 
extinguish all lights. Such an arrangement is particularly 
applicable in long corridors or hall-ways, in large* areas such as 
machine shops, storage* rooms, and tlie like, where at certain 
times it is desired to secure a eiistributed dim light for burglar 
protection or night-watchman's use, a: ,1 at oth(‘r times, to 


, Douhle-Pofe Smfth 



PlQ. 203.—Showing how a wire saving may hi- (.fTreepii in doulili-polo^iwitch eionneo- 
tions which provide sencs-parallcl or dimming control. 

secure the usual illumination. Where all of the lamps bo 
controlled are ’ocated in one row, the arrangement shown in 
Fig. 203 may effect a wire-saving over that in Fig. 202. If all 
of the lamps of any one group, either A, B,ot C, burn out, all 
of the lights on the circuit will be extinguished as long as the 
switch IS open. The total wattage of the lamps in each group 
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(A, B, and C) should bo always kept the same. When 
tungsten lamps burn at one-third normal voltage, the filament 
is only a dull red. 

197. A Wire-saving Method Of Adding A Pilot Lamp Or A 
Group Of “Night-and-day” Lamps To An Existing Double¬ 
pole Switch Installation is outlined in Figs. 204 and 205. In 



Fig 204 —Double-pole awilrh iMth shunt S, torn eeted to diagonallv-opposite binding- 
posts (Lamp L cannot be extinguished by the snitch ) 

Fig. 204, the pilot lamp, L, completes its circuit through one 
conductor, MN, of the group of lamps, G. A wire-saving, 
which is approximately p(}ual to the distance from the switch, 
D, to the lamp, L, is thereby effected. The shunt, which 
is coniK'cted to opposite binding posts of the switch, D, 
renders it impossible to extinguish L by opening D. Thus, 
lamps 0 may be extinguished by opiming D, while the pilot 



Fia 20'>— Doubic-polc nv^itch \Mth nhunt S. (oiitu<tcd to dtaKoiiiiily opposite binding 
posts (Lftnips L cannot b« distoimctttd from uourit of \oltaftc In HtMtch D ) 


lamp, L, remains lighted. In Fig. 205, the circuit arrangement 
is e.ssentially the same as that of Fig. 204. However, in Fig. 
205, alternate lamps, L, of the group are constantly connected 
to the line, LiLt. Lamps G (Fig. 205) may, therefore, be 
extinguished by opening D, while lamps L remain burning. 
This method is frequently employed where it is desired to 
subdivide the lamps on a long hall-way circuit so that one-half 
of the lamps may be lighted during the day, and all of them at 
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All lights are turned out by the branch-eircuit switch 
at the distribution center. It may sometimes be found morts 
convenient to omit the siiunt {S, Figs. 204 and 205) and make 
the connections in the manner indicated i)y the dotted line, 
MOP, Fig. 204. 



Iiu 206— IiKore t uutliod uf < onnettmK h tlouhU-poh Hwitdi (.Only '«uh oftht 
lim j''(liH nnectwl by oponuiK tht switch) 

198. Some Of The Errors Which Are Likely To Be Made 
In Connecting Double-pole Switches are illuhtrafoci in Figs. 
206, 207, and 208. Tho switch, when conric'cted as in Fig. 206, 



Fig 207 —Showing moorreot method of (.onmdjng h d nihh poU owitch (Lmo in 
short f ircnutcd when swit* h is tlohcd ' 


will operate to open (Sec. 143; only one side of th(^ line. If 
the connections are made as show^n ip 207 and 208, a 

short-circuit will result upon closing the ^witch. 



Fig 208—Showing iiuorroct method of «onn<*ctuig u doublo-polc «witfh (Line 
M'short-circuited when ewitch dosed The cirouit wires have been conneeted in¬ 
correctly at M or N ) 

199. Restricted-selective Control May Be Provided By A 
Double-pole, Double-throw Switch fFig. 209). This control 
arrangement is sometimes called eleclroher cmitrol (Sec. 17). 
By closing the switch to position A' (Fig. 209), lamps A only 
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are lighted. If the switch is thrown over and contact made 
with the opposite pair of jaws, all of the lamps, A and B 
will be lighted. All lights may be extinguished by leaving the 
switch in the open position—not contacting with either pair 
of break-jaws. However, it should bo noted that wlien the 
switch is in the open position, only one .side of the line, L*, is 



l<Kj 20‘) Litrtroll#r toiitn*! protid d b> double-throw doublo-i>ole switch (Tty 
clofliiiK Hwitch-bladts to position lampti I art lighted All lampa an lighted whetk 
Hwitih m ilcwwi to pOHition IV ) 

(lisooniK'clrd from th(* lanipb. Even when the &wit(*h is oi)on, 
lump-group A connects directly to line Li, and lamp-group B 
connects to Li through group A, 

200. A Double-pole, Double-throw Switch May Be Used To 
So Control Two Groups Of Lamps That Only One Group 
Can Be Lighted At A Time (Figb. 210 and 211). In Fig. 210, 
lamps A are lighted and lamps B extinguished by closing the 



hio 210- Double pole double-throw switch connected for rostnoted lighting circuit 
(Onh one group of lamps can be lighted at a tunc Wnh Bwiteli-bladcH lu position 
lamps A are lighted liiimps B are lighted and lamps .1 are extinguished when blades 
are closed to position li ) 


swit(‘h to position ..1'; lamps B arc lighted and -4 extinguished 
by closing the switch to position When the switch is 
cither open, or closed to B\ lamps A are completely isolated 
from the Hue, L 1 L 2 , and are, therefore cut '‘dead. However, 
only one side of the line—side Li—can be disconnected 
from group B; the otlier side of B is permanently connected 
to L 2 . Four wires are required in the run between the switch 
and the lamps. In h'ig. 211, the same control is provided as 




144 


LIGHTING CIRCUITS AND SWITCHES [Div. 4 


that in Fig. 210. However, it should be noted that in Fig. 211 
only three wires are required from the switch to the lamps; also 
that only one side of the line—side Li —can be disconnected 
from either lamp A or B. 



fio. 211—lightinff cncuit controlled by double-pole, double^throw 
BWiicii, requinT.g onh throe wires from Nwitcli to lamps (Blades closed to position A* 
lights lamp 1 blades f iosod to position B' lights lamp B Blades in the open position, 
all lamps off) 


201. Double-pole, Double-throw Switch Connections for 
Restricted-selective Control of 110-volt Lamps On A 220-volt 
Circuit arc shown in Fig. 212. As connected, only two lamps 
can be lighted at a time: With the switch closed to A', lamps 
C and E are lighted, and lamp D is extinguished; by closing 
the switch to the other side, B', lamps D and E are lighted and 
C is extinguished. By permitting the switch to remain in the 
open position both side's of the lino (/.j and Lj) are discon- 



Fiq. 212 —Double-pole double-throw nwiteb eoniieptioiM for operating two ineandw- 
cent lamps mserics, so arraiigwl that only two lamps ean be lighted at a tune. (Switoh- 
positton A', lamps C and E lighted, switch-position li’, lamps I) and E lighted ) 

nected from the lamp-circuit. This metho-1 of connection is 
particularly well adapted for use in industrial plants where 
restricted-selective (Sec. 17) control of 110-volt lanqis on a 
220-volt motor circuit is desired. If the line, LiL^, is con¬ 
nected to a 110-volt supply, the lamps will—if they are 110- 
vo t lamps burn at only one-half normal voltage. The 
laraps-or lamp-groups-C, D, and E, must each be of the 
same wattage rating if they are expected to burn at normal 
candlepower when the switch is closed. 
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202. Lamps May Be Coxmected Either In Series Or In 
Parallel By The Operation Of A Double-throw, Double-pole 
Switch as shown in Figs. 213 and 214. In Fig. 213-/ and II, 
the two lamps are in series when the switch is closed to position 
S, and in parallel when closed to P. When the switch is 



H-four Wires from Switch To Lamps 

Fio. 213 —Soriea-parallel counections for a double-pole double-throw ewitch. (Lamp 
are in aericB when ewitch is closed to 5, and m parallel when clo»ed to position jP.) 


open, both lamps are cxiingiiished. The switch, when it is 
open, disconnects only one side of the line from the lamp 
circuit. In Fig. 213-//, four conductors are required between 
the lamps and the switch, whereas in Fig. 213-/, only three are 
used. The three groups of lamps (Fig. 214) are controlled as 



Fro, 214.—Double-pole double-throw switch providinis: parallel and series control for 
three groups of lamps. 

follows: (1) Suntch closed to A, groups C, 1), and E —in parallel 
—operate at full line voltage. (3) Switch closed to B, C and 
D extinguished, and E —across the line—opt^rat-es at full voltage. 
(3) Switch open, groups C, I), and E —in series—operate at 
one-third line voltage. Although such connections are 
particularly adapted to heating units, they may be emplo3^ 

IP 
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in lighting wheie dimming ii> dcfeiied. The statements just 
preceding as to the voltages impressed on tlie lamp-gioups 
ftjiiBiime that the total wattage rating is the same for each of the 
three lamp-gioups. 

203. A Group Of Lamps May Be Controlled From Two 
Locations By Two Double-pole, Double-throw Switches 



i IQ 215—Twolotation toiitrol piovulptl l>\ tuo pob tliiow kmfe 

•mtcheg (Neither switth should he htt opt n I ut alw iv* ilosrd to one or the 
other set of jai^s ) 

by arranging the (onneetionh as ‘s!io5\ri in I ig 215 After 
the lamps ha5o been exfingiii^IuHi by moan^ of eithei switch, 



Fiq 216 —Two \erti< allt riiounffd d<ml h j r>I( i< uhh throw knih switthes for two- 

lot at ton r it<r< ] 


the switch must not bo loft in tho op< a position, l)ut must lie 
closed to tho oppoMto sich* If oik* s\\it(*h is loft in tho opon 



Tio 217 Two hori/ontail> Jiiountt 1 doul h poh do ibit throw kniff dwit hen for 
two ioiation rontrol 


position, the lamps cannot bo lighted by closing the other 
switch* Figuies 216 and 217 show other arrangements of the 
same circuit. 
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204. Three-location Control May Be Obtained With Two 
Single-pole, Double-throw Switches And One Double-pole, 


Pole Double ThrowSwitch 



Fio 218—1 hr<'e*'lo( ation control provided by knife switches (Shunt conneeted 

withm the switch ) 

Double-throw Switch fFigs 218 and 219) A& m Sec. 203, all 
switches must, to piovide elfccti\e three-location control, 



Fxa 21*1—T1 ret locution lontrol \Mth knife suitches hi unt tr jumper outside 

of swifth> 


always aftoi of>erating hv loft in the dosed position As 
many othei loeatums of (ontiol a*- ire (lesu(‘d may 1)0 pro- 



Fio 220 —Control from four locations with double-pole double throw switches. 
(Switches A and i> ma> if desired be smgle-poU double-throw ) 


vided by connecting (B and C, Fig 220), for each additional 
location, a double-pole, double-throw switch into the circuit. 
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Note.—M trLTi-LocATioN Control May Be Obtained By Using 
Only Double-pole, Double-throw Switches (P"ig. 220). Only one 
side of the end-switches (A and D, Fig. 220) is employed, and the inter¬ 
mediate switchos {B and C) are connected as shown. 

206. A Double-pole, Double-throw Switch May Be Used 
To Assist in Balancing The Load On A Three-wire-neutral 


Thrte Grourded Niufretf Line 



Ooubk w- 
Wt 7 l *) 



Fig 221—Method of in4ikin/;; bulaiicuiK h < onm «tioiw tor haluootiK tiu load on 
tt ihree-titre-miitral sv'tton 


System (Fig. 221). With the switeli cIosim! (o position Pi, 
the branch-circuit load will bo oainod b\ oomiuctors AB. 
By throwing the switch over to position /^, the load will he 
carried by BC, By thus coime<‘tiijg all or cf'rtain of the mains 
or branches to the fef'ders, the lighting load of a large building 
may lie so shifted as to ininirnize the cuirent which flows 
through the neutral, B 


1 

|>C-_ X3] 

1 _A_ 


Lamps 



ml 

mEmiSKKmMSSM 

m 

m 

H 

'♦'.A 

l.i Greunied J 

1 

-1— 

i 


H-r-—u, Neutia! f ) 


, J 



Lf-i. — U.1, ! 

[■" Outside mre 

V 






* Three Wire Grounded-Neutral Line 


Fig 222 -Diagrams of connections shf»wxng two double-polo hwitchcs so arranged 
that either outside wire rn IV hr opened independentK of thoothfr, but th* neutial cannot 
be opened without opening both outside wirrs 

206. Two Double-pole Switches May Be Used For The 
Service Switch Of A Three-wire-neutral System. To 
comply with Code Rule 24a, Pai. 5 ( 800 . 137) they must be 
so connected (Fig. 222) that either outside wire, A, may l>e 
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opened independently of the other, and, that the neutral, B, 
cannot be opened without—at the same time—opening both 
outside wires. By opening either switch, C or D, indepen¬ 
dently of the other, one outside wire is opened. When both 
switches are open, both of the outside wires, A, and also the 
neutral, B, are disconnected from the line. 


Doubh Me, Double Throw Smith 



Fio 223 Douhlr fu»c ronnocttons for hglitinfc and po'tv^r circuit controllod 

by double-pole double-throw awttch. 


207. A Double-pole, Double-throw Switch Havixig A 
Double Fuse Connection (Fig. 223) may be effectively used 
for connecting a combined lighting-and-motor circuit to the 
line. This is d(‘sirable in certain installations where the motors 
may frequently be subjected to large overloads, and where 
continuity of ligliling service is of gn‘at(T importance than is 


that of the motor service. When 
an accidental motor overload 
ruptures a fuse, the double-throw 
switch may be close<l to the o|>- 
posite set of jaws, tlnis imme¬ 
diately relighting the lamps. 
The cause of the trouble ma}^ 
then be found and removed and 
the motor started; after which, 
the fuse replacement can be 
matle, 

208. A Three-pole, Double¬ 
throw Switch May Be Used To 
Operate 110-volt Lamps From 
Either A 110-volt Supply Or 
A 220-volt Supply (Fig. 224). 
A switch so used is sometimes 



Fiu 224 -—Schematic diagram, show¬ 
ing how llO-voIt lamps may be con¬ 
nected through a three-polo, double¬ 
throw switch to operate at full 
candle - power—normal voltage— from 
either 1 W or 220 volts. (Switch closed 
to i4, lamps are lighted from llO-volt 
supply; closed to B, lamps are lighted 
from 220-volt supply,) 


called a throw-over sivitch, or transfer switch. When the switch 
is in position A, all of the lamps are connected, in parallel. 
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to the 110-volt supply, and when it is in position B, they are 
connected, in senes-parallel, to the 220-volt supply. Thus 
the lamps mey be operated at normal voltage from either the 



Fig 225—Schematic diagram of conuection» for throw-o\<r-*witcb installation for 
a two-wire interior system and thret-wire street mams (S«r\ice-entraiice overload- 
protective equipment and other details not shown ) 

110-volt or the 220-volt supply. In those industrial plants 
where the energy for the motors is supplied at 220 volts, and 



Fig 226 —Sthematu diagram of connections for throw-over-switch installation for 
three-wire interior system and two-wire street mams (Over-load-protective equipment 
and other details not shown ) 

that foi lighting at 110 volts, such a transfer switch is exceed¬ 
ingly convenient for emergeneies. Thus, when trouble occurs 
on the lighting circuit, the lighting load may be transferred 
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to the motor circuit and so carried until the lighting circuit is 
repaired. 

Note.—Throw-over Switch May Be Used In The Service To A 
Building Which May Be Fed By Either A Three-wire Ob A Two- wire 
System (Figs. 226 and 226). Thus, in office buildings, energy is fre¬ 
quently generated at 110 volts, two-wii5, and the street mains of the 
central-station company are 110-220 volts, three-wire, or vice versa. 
With a switch arranged as in Figs. 226 or 226, the load in the building may 
be readily shifted from one system to the other. Wliere either of these 
arrangements are employed, the cross-sectional area of the three-wire- 
system neutral which is within the building must be twice as great as the 
cross-sectional area of either of its outside wires. 

209. A Three-pole Double-throw Switch Arranged To 
Connect Two Lamp-groups In Either Parallel Or Series- 
parallel is shown in Fig. 227. When the lamps are, as in //, 



Fig. 227—Throo-pole double-throw switch wired to connect lamp groups in either 
parallel or Benes-parallel ('J'he airowe indicate the direciionB of eunrent when the 
polarities are as shown at the left ) 

connected in parallel, then both lamp-groups, Li and L 2 , have 
impressed across them the voltage of the supply circuit, C. 
But when S is thrown to the position of I, the lamps, now 
connected in series-parallel, have impressed across them only 
half the supply-circuit voltage—assuming that the total 
wattage of Li is the same as that of L 2 . With only half supply- 
circuit voltage across the lamps, their candle power is con¬ 
siderably decreased. Hence this may be used as a dimmer 
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circuit For satisfactory operation, both of the lamp-groups 
must be of the same total wattage. 

210. The Wiring For A 120-volt Extension Lamp In A 
600-volt Parallel-series Circuit may be connected as indi¬ 
cated in Fig. 228. The stationary outlets, 1 to 5, are so 
arranged that five lamps are in series across 600 volts. One 
outlet, J?, is arranged to serve the portable extension lamp. 
For each portable-extension outlet, a duplicate receptacle is 
shunted in parallel with one a stationary outlet, L, of the 
parallel-series circuit. To connect an extension lamp it is only 
necessary to plug into the extension rec(*ptacle, and then to 



Fig. 228. —WirinR for 120-voit extension lamp in a parallel senes circuit. 

Lamps E and L should not be “on” Himultanc'ously any longer than necessary 


unscrew or switch off the lamp which is in L. When the 
extension-circuit plug is to be removed from the dead 
lamp in L must first be screwed or swit<;hed into the circuit, 
otherwise a dangerous arc may be drawn in the receptacle. 

211. One Lamp Of A Four-lamp Fixture May Be Lighted 
From A Three-wire System as indicated in h'ig. 229. The 
method shown was employed by the Kansas CiUf Electric 
Ldght Company for supplying energy to th(* four lamps on each 
street fixture. With this method, one lamj> on each fixture 
may be operated all night and still, when all of tlie lamps are 
lighted, the advantages of a three-wire system, is retained. 

Explanation. —At the 2,200-volt distributing board in the central 
station are a double-pole oil switch, A, (Fig. 229) and a single-pole oil 
switch, B, connected as shown. Up to midnight both of these switches, 
A and B, are closed; after that time, the single-pole switch is opened, 
thereby leaving a single night lamp on each post in service until sun¬ 
rise. Two single-phase transformers, C and Z>, are used for each section. 
One transformer, D, furnishes the energy for the lamps which are lighted 
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until midnight (with the exception of the all-night lamps); the other 
transformer, C, furnishes energy for the all-night lamps only. A wire, 
Wf connects the middle points of each secondary and is grounded, in 
addition being connected to one of the lines running along the top of each 
pole. By connecting the outer wires to the transformers as shown, 
220 volts is maintained across them and the advantages of a three-wire 
system are thus obtained. The neutral wires, T, on each side of the 
street are, where practicable, ‘‘tied^’ together with tie wires R. 



Fio 229.—’ Lighting one lamp of a four-lamp fixture from a three-wire single-phase 

system. 

QUESTIONS ON DIVISION 4 

Make a diagram of connections and explain the operation of, and the lamp control, 
which is provided by the following: 

1. Two single-pole switches connected in series. 

3. Two single-pole switches connected in parallel. 

3. Two single-pole switches controlling two groups of lamps using a common return. 

4 . Two single-pole switches connected to provide restricted-selective control for a 
single group of lamps. 

9. A single-pole, double-throw switch for dimming. 

6. A single-pole, double-throw switch controlling two groups of lumps so that only 
one group can be lighted at a time (restricted control). 

7. A single-pole, double-throw switch for balancing the load on a three-wire (not 
three-phase) system 
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8 . Two aingle-pole, double^throw switohes for load-balancing on a three-phase 
system. 

8 . Two-location control with two single-pole double-throw switches. 

10 . Two double-pole switches connected in parallel. In series. 

11. Series-paralh'l connection of doubh^pole switches. 

18 . Double-pole switch connected as single-pole. 

IS* Two double-pole switohes providing restricted-selective control for three groups 
of lamps. 

14 , One double-pole switch for dimming to one-third normal voltage. 

16 . Conimon errors in connecting double-pole snap switches. 

18 * One double-pole, double-throw switch for: (o) RestricUd-Mecthe control, (fc) 
Rettrirted control, (c) Restricted-selective control of three llO-volt lamps on a 220-volt 
circuit, id) Series to parnlW and parallel to series. 

17 . Two-location control by two double-pole, double-throw switches, 

18 . Three-location control by two single-pole, double-throw switches and one double- 
throw, doul>le-poIe switch. 

19 . Multi-location control with double-throw, double-pole switches. 

90 . Double-pole, double-throw switch for load balancing on a threc-wirc-ncutral 
system, 

91 . Two double-pole switches used as a service switch. 

99 . Three-pole, double-throw switch for throw-over from 110-to 220-volt supply. 

93 . Throw-over Bwit<'h for building-serWco connection which will permit of cither 
two-wire or three-wire operation within the building. 
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THREE- AND FOUR-WAY SWITCH CIRCUITS 

212. The Application Of Three-wny And Four-way Switches 
Offers A Wide Range Of Combinations for multiple-location 
control of interior wiring lighting circuits. A single lamp or 
a group of lamps may be so arranged, in relation to two 
three-way switches, that the lamp or lamps can be lighted or 
extinguished by either of the switches independently of the 
other. If additional control locations arc desired, four-way 
switches may, as will be described later, be added to the circuit 
to provide the additional control locations. The wiring con¬ 
nections and diagrams for these various switch circuits will 
be considered in the following sections. 

Note.—There Are Rkallv Two Distinct SrsTEMS Or Connecting 
Three-way And Four-way Switches: (1) The “Standard” System 
(2) The “Carter” System; (see Fig. 283). The standard-system 
methods are first discussed and then the Garter system is described (Sec. 
249) and its advantages and disadvantages explained. 

213. Three-way And Four-way Switches May Be Utilized 
As Single-pole Switches if connected in a lighting circuit, as 




Fia. 230.—Three- and four-way switches used as single-pole switches. 

shown in Fig. 2.30-7 and 11. These methods, of course, provide 
only one control location on the lighting circuit in which they 
are installed. While the usage of Fig. 230 is uneconomical, it 
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may, in emergencies, be employed when single-pole switches 
are not available. 

214. Diagrams For Simple Or Elementary Three-way 
Switch Circuits For The Control Of The Circuits From Two 



,'Lmp 



lamp Fted tvfre*‘' 


Fig. 231.—Simple tliree-way switch circuit feeding from each end. 

Locations are shown for surface snap switches in Figs. 231, 
232, 233, and 234. l'4gure 234 is a phantom view showing the 
actual connections of the switches for such service, while 



Flo. 232.—Three-way switch cinuit feeding froni one end only 


Figs. 231 and 232 are diagrainmalie repiesentations. From 
the connections of these two illustrations it is evident that at 
no time, either one of the switches being open, arc both polari- 



Fiq, 233.—Three-way switch circuit feeding fiom one end, for control of s<*veral lumps 


ties of the feeding circuit present in either switch. This 
feature renders a connection of this type strictly in compliance 
with wiring rules which are enforced in certain cities and which 
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are based on Code Rule 24c. (See Secs. 144 and 251.) 
Figure 235 shows the conncctioas where flush, push-button 
switches are used. 



Fig. 234.—Phantom dij^'Taiu of a lhre<*-vay switch circuit 



Fig, 235.—Wiring diagram for thr€H*-way flush push-button switch circuit. 


216. A Three-way Switch Circuit Which Is Fed FromDijffer- 
ent Branches is outlined in Vig, 236. It will bo noted that 
this connection is ossontiully the same as the connections of 
I"igs. 231 and 234 with the exception that the feed wires 



I'lG. 236.—Throc-way switch circuit feeding from two different branches. 


approach the switch-and-lamp circuit from opposite sides and 
feed from different branch circuits. In making the connec¬ 
tions of Fig. 236 it is imperative that proper care be taken to 
insure that the wires of correct polarities enter the switch-and- 
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lamp circuit from each of the branch circuits, G and H. 
Otherwise the system would be inoperative. Wherever this 
system is utilized, the switch feed and the lamp feed wires 
should each be protected by its own single-pole cutout. 

Note.—Serving A Three-way Switch Circuit From Two Differ¬ 
ent Branch Circuits As In Fig. 236 Is Not Recommended because of 
complications which may develop when trouble occurs in the circuit. 
It is, however, sometimes advisable when wiring finished buildings so that 
the taking up of extra flooring may be avoided, and for other possible 
economic reasons, to install a three-way switch circuit as shown in 
Fig. 236. 

216. The Wiring For A Three-way Switch Circuit Which 
May Be Used When The Switches Are Located Near Each 



Fia. 237.—Three-way switch circuit for nwitchos located near each other Only 
one polarity in either switch. 

Other is illustrated in Fig. 237. I’his is an adaptation of the 

Carter^' system of wiring which is described more in detail 
in Sec. 249. As will be noted, this provides a convenient 
arrangement in the circuit lay-out. 

217. Incorrect Three-way Switch Circuit-connections are 
sometimes made in an installation, especially where the loca¬ 
tions at which the lamp feed wire and the switch feed wire 
are tapped into the branch circuit, are spaced a considerable 
distance apart. The reason for this is that a wireman may, 
under these conditions, have difficulty in tracing out the 
branch circuit. 

Example. —Such an incorrect connection is shown in the diagram of 
Fig. 238 where C and D are both connected to wires of the same polarity. 
When a three-way switch installation is made as shown in this illustration 
ii is said to be circuit* and, obviously, will not operate. The 
most effective way of correcting such a difficulty, especially after the 
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job haa been completed, is to reverse the connections at the branch 
block, either at A or at B, Fig. 238. 

Note.—Thebe-way And FotjetWay Switches Abe Frequently 
Mistaken For Double-pole Switches. This is because of the similar¬ 
ity in external appearance. Some of the errors in connection due to such 



Fio. 238—Showing throe-way H\\i1chc» wilh lanip- and awitch-feod wiros improperly 
connected to the 8ame side (polarity) of the branch circuits 

a mistake are shown in Fig. 239. A thr(‘e-way switch connected as a 
double-pole switch (Fig. 239-7) will not light the lamp. At 77, is shown 
a four-way switch connected as a double-pole switch. Lamps will be 
lighted when in position A, hut when the swit(‘h is operated to position 
B, the line will be short circuited. At 777, if the usual connections for a 
four-way switch are employed in an attempt to secure double-pole 
operation, the lamps cannot be turned out by the swdtch. 



r Thr«e*Way Switch B- Four-Way SwHch Used As Double- Iff-Four-Way Switch. 
Connected As Double- Pole. Line Is Short-Circuited Lamp Cannot Be 

PoleSwitchWmNot When In Position B Turned Out 

Light The Lamp 

Fw. 239 —Common errors in the connection of three- and four-way Bwitebes. 

218. A Wiring Lay-out For A Two-story-and-attic Cottage 
In Which A Three-way Switch Circuit Is Incorporated for 

the simultaneous control of both an upstairs and a downstairs 
hall light is shown in the sectional view of Fig. 240. This lay¬ 
out is probably typical of the average small-residence three- 
way switch circuit connection. 

Note.—The Switch Feed Wire On The First Story is taken from a 
“jumperwire, from the single-pole switch-feed wire directly to the 
left. This construction is much more economical than that involved 





Fio. 240.—Schematic diagram showing wiring in a cottage siiowing three-way switch 
circuit for control of hall lights. 



Pio. 241.—Lay-out and connection diagram for a residence three-way switch circuit. 
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when a special feed is run to the tnree-way sw itch Other typical instal 
Jations are illustrated in the sectional drawings of Figs 2^1, 242, 243 
and 244. 



I itJ 2i2—I irst and second story hall lights controlled by l^o thieo~wa> siMtches 

A and li 

219. A Rather Unusual Case Of Three-way Switch Wiring 

is illustrated in Fig. 245. It was necessary in this building to 
so wire the hall-light circuits that they could be controlled from 
two locations by three-way switches and that the hall-light 
energy could be metered separately from the energy used by 
the tenants of the first and second stories. In other words, 
the owner desired to pay for the hall-lighting energy and 
11 
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wished each tenant to pay foi the eneigy he used on his own 
floor. An arrangement was effected with the central station 
whereby the hall lighting was furnished at a flat rate, elimi- 



Fig 243—Hall-hghting three-way circuit fed from space between setond and third 
stones (Ihree-way switehes at A and B ) 

nating the necessity of a metei for this poi t ion of the load. This 
condition very materially simplified the problem, inasmuch 
as it was then only necessary to so connect the meter series 
coils in the branch circuits that the hall lighting current would 
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not feed through them. If the circuits of Fig. 245 are traced 
out it will be evident that the energy for the hall lights does not 
pass through any meter. 



220. Two-location Control Of A Lighting Circuit May Be 
Effected By The Use Of Four-way Switches (as illustrated in 
Fig. 246) instead of three-way switches, if the switch travelers 
are connected to diagonal binding posts within the switches. 







Fig. 245.—Wiring for flat-rate hall lights. (Most electric lighting companies will 


not sell energy at a flat rate. Furthermore, standard practice is always to connect the 
current coil of the meter in the “hot” side.. 
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This illustration is self-explanatory. While the system shown 
is not to be recommended generally, because it involves a 
greater first cost than does the usual three-way switch installa¬ 
tion, it is sometimes necessary to use four-way switches as 
shown when three-way switches are not available. 



221. A Three-way Switch And A Four-way Switch May 
Be Used In Combination To Afford A Two-location Control 

of a lighting circuit. The wiring diagram for such a connec¬ 
tion is shown in Fig. 247. From a study of this it will be 
apparent that it is an adaptation of the wiring schemes shown 
in Figs. 231 and 240. 


Switch feed 



Fig 247 —A three-waj and a four-way switch used iii combination for a tuvo-locution 

control 


222. Single-pole Double-throw Knife Switches May Be 
Used In Combination With Either Three-way Or Four-way 
Switches to provide control of a lighting circuit from two differ¬ 
ent locations, as illustrated in Figs. 248 and 249. Neither 
of these groupings is as economical as that of Fig. 231. They 
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are used for unusual conditions or in emergencies when stand¬ 
ard three-way switches are not available. 



Fig. 248—Two-location ooutrol using ono singk-pole douhlo-ihrou knife stMtch and 
one three-way switih 



Fig 249 —Single-pole, double-throw knife switch used in combination with a four-way 
switch for two-location control 

223. Pilot Or Indicating Lamps On Three-way Switch 
Circuits (Fig. 250) indicate whether the lamps in the lighting 
circuit are “on” or “off. ” They are especially valuable when 
installed at three-way switch locations from which the lamps 
in the circuit are not visible. In Fig. 250 the buirs-o\e 
receptacles are merely wired in parallel with the other lamps 
in the circuit. Hence, they are lighted or extinguished simul¬ 
taneously with the regular circuit lamps. 

226. Control Of A Lighting Circuit From Three Or More 
Locations May Be Effected By The Use Of Four-way Switches 
Connected In The Circuit Between The Three-way Switches^ 
as illustrated in Figs. 251, 252, and 253, and 254. These show 
typical diagrams of the standard method of wiring when it is 
desirable to provide more than two control locations and are 
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r/Tr« Wau Smtch r™«/ers 



IIG 2*51 lhrf< loration <ontrol ntilmiiR twotlrcewa^ switflies and ont four ^ ay 

aait( h 



Fig 252—Showing how tht conduct ora au actually connected m the three-way and 
four way switch for three location control 
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the methods which are used most frequently. Any reasonable 
number of control locations may be provided by the installa- 



Tia 253—A four location control utilinnK two throe wav and two four way switches 



Fig 254 —Another lay out for a four location control circuit using three*way and four- 

way switches 


tion of additional four-way switches One additional four¬ 
way switch IS lequired foi each additional control location 
desired. 
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226. An Installation Providing Four Control Locations, 

(Fig. 266) A, B, Cy and D for the downstairs hall light, Li, 
and the upstairs light, L 2 , in a two-story residence is 
encountered frequently. These lights, Li and L 2 , can be con¬ 
trolled from both the front, A, and rear hall, D, on the first 
story as well as from the front, B, i ad rear, C, of the second- 
story hall. Three-way switches, A and 2). provide the control 
in tlie first story while that in the second story is furnished by 
four-way switches, B and C, located as shown. Figure 266 



Fia 25’) —Illustrating an a( lual four-location control installation 


shows a similar installation in which three second-story hall 
lights, Li, L 2 , and L 3 , and a first-story hall light, L 4 , are con¬ 
trolled fioni three locations which are: First story, 0, second- 
story rear hall, N, and second-story front hall, ilf. 

227. Four-way Switches May Be Used Without Three-way 
Switches To Provide Control Of A Lighting Circuit From 
Three Or More Locations by following the directions dia¬ 
grammed in Fig, 267. Obviously, this method is more expen¬ 
sive than one for which three-way switches are used (instead 
of the four-way switches) at A and B, However, it is some- 
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times necessary to thus use four-way switches when the three- 
way switches cannot be obtained. 




Fig 257 —Three lotaiioii control using three four way switches 

228. A Three-location Control May be Provided By Arrang¬ 
ing Two Four-way Switches In Combination With A Single¬ 
pole, Double-throw Knife Switch wired as diagrammed in 
Fig. 258. This method of wiring is also more expensive than 
if the control were effected by the use of two standard three- 
way and one standard four-way switch. It illustrates an 
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improvisation which may be employed in special cases or in 
an emergency. 



Fki 258—Threc-loration ooiitrol; two four-way hnap awitches and one single-polci 
double-throw knife switch. 



Fig, 259 —Two three-way snap switches and one double-pole double-throw knife 
switch for threc-loratioii eontrol. 



Fig. 260.- Three-location control using two four-way snap switches and one double¬ 
pole double-throw knife switch. 

229. A Double-pole, Double-throw Knife Switch May Be 
Used To Provide A Third Control Location when installed in 
combination with either two three-way switches or two four¬ 
way switches, as portrayed in F^gs. 259 and 260, respectively. 
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The reversing of the polarities of the switch travelers at the 
third control location, D, in Figs. 259 and 260 is accomplished 
by placing jumpers diagonally across the contact jaws on the 
double-throw switches, as shown in the illustrations. 

230. A Four-location Control Utilizing A Single-pole 
Double-throw Knife Switch, A, A Double-pole, Double-throw 



Pig 261—Oombmafion of knife and snap bwitchos for three - and four-way switch 

(irouits 


Knife Switch, B, A Four-way Switch, C, and A Three-way 
Switch, D is illustrated in the diagram of Fig. 201. It will 
be noted that the polaritj^-reversing arrang(*nient on the 
double-pole double-throw switch, B, is provitled l:)y jumpers 
bridging diagonally between the contact jaws as in Fig. 219. 



1 IG 2(>2 — Anotlur (oinbinatiou of switches for a four-location control 


This diagram demonstrates the latitude which is obtainable 
in the multi-location control of lighting circuits by using 
switches of different types. Another example of an installa¬ 
tion, involving four different control locations, in which 
switches of a variety of types are used, is that presented in 


Sec. 231] THREE- AND FOUR-WAY CIRCUITS 


173 


Fig. 262. For multi-location control using knife switches 
only, see Div. 4. 

231. A Restricted-control Switch Circuit For Hall Lights 

which provides an economical arrangement, when it is not 
desired at all times to have the hall-way brightly illuminated, 
is shown in Fig. 263. Three three- /ay switches, A, Bi and 
B 2 , are installed. Switch A is located on the second floor 
while switches Bi and B^ are located in gang on the first floor. 
The 10-watt and the 60-watt lamps at are both mounted in 
the same fixture and tapped by the lamp feed wire at C. 



Explanation. — If the circuit diagram is traced out it will bo found that 
only one of these lamps can be lighted at any time and that the position 
of the contacts in switch B 2 . determines which of th(» lamps will be cut 
in service. It will furl her be noled that neither of the lamps can be 
(‘xtinguished from switch /iu without lighting the otlu'r, and vice versa. 
ICither switch A or Bi will, however, turn off whichever light happens to 
be burning and will, of course, turn it on again. Rut, if the 10-w^att lamp 
is burning and it is desired to extinguish it and light the 60-watt lamp, 
this can be done only from switch 

232. Another Restricted-control System For Hall-way Or 
Show-window Lights (Fig. 264) may be assembled by using a 
single-pole, S, a three-way, T, and a four-way, F, switch in 
combination. Those connections afford about the same 
selection in lamp control as does an electrolier switch (Div. 7). 

Explanation. —The single-pole switch, (Fig. 264) controls the 
entire circuit. That is, if switch S is turned off, the lamp B and the lamp 
group A cannot be lighted at switches T and F. However, if switch S is 
in the “on'" position, it is possible, as will be revealed by a consideration 
of the diagram, to control group A or lamp B from either the three-way 
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switch T or the four-way switch F. But at no time can group A and 
lamp B be lighted simultaneously. That is, when group A is lighted B is 
extinguished and when B is lighted group A is extinguished. It will bo 
further noted from this diagram that both lamp B and group A cannot 
be extinguished simultaneously from either switch T or switch F, 



233. A Restricted Control Three-way Switch Circuit For 
Up-stairs And Down-stairs Hall Lamps is shown in Fig. 265. 
The arrangement, as illustrated, is for a three-lamp 
fixture, La and La, located in the lower hall and a single 
lamp, Li, located in the upper hall. The two three-way switches, 



Fig. 266.—Two-location restricted control employing three three-way switches. 

B and C, which are mounted in gang, are located near the entrance 
to the lower hall. Switch A is located in the upper hall. 
Lamp Li and L 2 comprise one lamp-group—although one is up¬ 
stairs and the other down-stairs. Lamps La comprise the second 
lamp-group. Only one lamp-group—either L 1 L 2 , or La—can 
be lighted at one time. Either group may be extinguished or 
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lighted by either A or J?, but the lamp-group which is so lighted 
or extinguished by -A or 5 will be determined by the position 
of C. 

Explanation. — K a person, upon entering the lower hall wishes to 
Kght the lamps, he operates B. This will light one lamp-group—either 
LiZ/ 2 , or Lj—and the lamp-group which is »o lighted is determined by the 
position of C. If upon operating the lamp-group which lights is the 
one that is not wanted, the other lamp group may be lighted by operating 
C, If a person is in the upper hall and operates A^ one of the lamp- 
groups will be lighted; if it is the wrong one, he must go down-stairs and 
operate C, whereupon the other lamp-group will be lighted. One of the 
lamp-groups—depending upon the position of C —^may be lighted and 
extinguished by either A or B 

234. A Three-way Switch Circuit Providing Restricted 
Control From Either Of Two Locations is shown in Figs. 266 



Fig 266 —Restricted c ontrol of up-stairs and dow n-stairs hall-lamps from two locations. 

See Fig 266A for installation lay out, 

and 266A. The three-way switches, A and which are mount¬ 
ed m gang, and lamp Ls may be located in the up-stairs hall¬ 
way. Switches C and D, which are similarly mounted, and 
lamps Li and Lh may be located in the lower hallway. Lamp La 
and Li comprise one lamp-group, and lamps La comprise an¬ 
other lamp-group. Only one lamp-group —Lz andL 4 , orLa—can 
be lighted at any one time. The lamp-group which it is desired 
to light is selected by either switch B or L. The lamp-group 
so selected may be lighted or extinguished by either A or C. 

Explanation. —A person entering the lower hallway at night, when 
all lamps are out, operates switch C. This will light one of the lamp- 
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groups. The lamp-group— LzLa, or Lt —^which is lighted thereby, will 
depend upon the positions of B and D. If the lamp-group which happens 
to light, upon operating (7, is the one which is not wanted, switch D is 
then operated. The same results may be obtained from the upper hall¬ 
way by operating switches A and B 



236. A Combined Restricted And Selective Four-way 
Switch Circuit For Hallways Or Show Windows ib bhown in 
Fig. 267. With switch A open, lebtrictod contiol (Soc. 15) is 
provided since only one lamp can be lighted at a time. 



Fig 2C7 —A combined restnetod and neloctivo circuit (When A is open the control is 
restnetod when A is closed the control is selective ) 

Explanation —That is, if ^4 is open, B' may be hghted by operating 
B. Then before the operation of C will light C', B must be operated 
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to extinguish And before D can be operated to light D', both B and 
C must bo placed so that both B' and C" are extinguished. With switch 
A closed, all three of the lamps, B', C', and !>', will be lighted regardless 
of the positions of /?, C', or I), 

Note. —A Three-way Switch Circuit Providing Restricted 
Control Which Is Intended To Minimize Current Consumption is 
shown in Fig. 268. Sucli an arrangement is well adapted for gtiest-rooms. 
Only one lamp-group can be lighted at any one time. 



Fio 268 —Restricted control of lamps provided bv three-way switches (Only one 
lamp or group of lamps can be lighted at a time ) 


236. An Example Of The Simultaneous Control Of Three 
Hall Lamps from any of throe locations, A, and C\ is shown 
in Fig. 269. This ari*angeinent of switch control is, in gen¬ 
eral, similar to that diagrammed in Fig. 2«56 and is merely a 
modification, to satisfy a given set of conditions, of a typical 
Ihree-way-four-way switch circuit. 

237, A Stairway Lighting Circuit Wherein Restricted 
Selective Control Is Effected by the use of three-way, single¬ 
pole and double-pole switches is illustrated in Fig. 270. The 
object of this installation is to provide a system whereby one 
can illuminate the stair landing at which he happens to be as well 
as the one cither above or below him as he goes up or comes 
down the stairs. The swit ch at each landing is operated in 
passing. 


Explanation. —Assume that the two single-pole switches (Fig. 270) 
on the fifth floor are in the **on’' position and that the three-way switches 
on the fourth, third and second floors are in the positions indicated, and 
that the double-pole switch on the first floor is in the *^off” position. 
Now, it is obvious that if a person on entering the building, will throw the 
double-pole switch at the first-floor stair landing he will light the hall 
lamp on the first floor as well as the hall lamp on the second floor. He 
mounts the stair and when he reaches the second-floor landing operates 
12 
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Fia 209 —Simultaneous (ontrol of lamps from throe locations 
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the three-way switch there so that the contact is reversed from that shown 
by the illustration. This, as will be evident from a study of the diagram, 
lights the hall lamp on the third floor and at the same time extinguishes 
the first-floor lamp. The second-floor hall lamp remains lighted. Now, 
ho mounts to the third floor and reverses the contact of the three-way 
switch there which extinguishes the lamp on the second floor and at the 
same time lights the one on the 
fourth floor. Upon reaching the 
fourth floor he reverses the contact 
of the three-way switch at the stair 
landing there which extinguishes 
the third-floor lamp, at the same 
tunc lighting the fifth-floor lamp. 

Both the fourth-floor lamp and the 
til th-floor lamp can be extinguished 
by the single-polo switches shown 
at the fifth-floor landings. 

('oming down the stairway (all 
of the three-way switch connections 
having just been reversed from 
those shown in Fig. 1, if it is de¬ 
sired to illuminate the fifth-floor 
h ill lamp and the fourth-floor hall 
lamp the two single-pole switches at 
the fifth floor are both thrown to 
th(‘ *^on^' position. Now, having 
d(‘sceiided to the fourth floor hall 
he operates the three-way switch 
there which extinguishes the fifth- 
tloor hall lamp and lights the 
tliird-floor hall lamp; the fourth- 
floor lamp remaining lighted. 

Descending to the third floor the 
three-way switch at the stair Fio 270.—^I'cr control of stairway lights 
landiiiK thero is operated, whieh dis- “ “ 

connects the fourth-floor Jiall lamp 

and lights the second-floor hall lamp, the third-floor lam]) remaining 
lighted. Now after descending to the second floor, the three-way switch 
there is 0 |>erated which disconnects the hall lamp on the third floor and 
connects the one on the first floor, the second-floor hall lamp meanwhile 
remaining connected. Then having reached the first-floor stair landing 
the double-pole switch there is thrown to the position and this 

operation extinguishes both the first and second-floor hall lamps. 

From the foregoing it will be evident that the switches on the second, 
third, fourth, and fifth floors are now in the position in which they 
originally were and that the lamps on these floors may be successively 
lighted as first described. Discretion must he used in applying this circuit 
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because for successful operation the switches must be manipulated exactly 
in the sequence outlined. If some person other than the one who is 
mounting or descending the stairs steps out on one of the floors and turns 
a switch, the control will be disorganized. When a misconnection is thus 
effected considerable difficulty may be encountered in locating the 
trouble. 

238. Another Three-way Switch Circuit For The Control 
Of Hallway Or Stairway Circuits is diagrammed in Fig. 271. 
An installation, when arranged according to this scheme per¬ 
mits any lamp to be lighted or extinguished, independently of 



Fia. 271.—Three-way Bwitch-circuit for hallway or stairway lamps. 

any other lamp, from each of two locations. Such an arrange¬ 
ment is particularly adapted for stairway lighting, and for 
lighting a series of hallways which are at right-angles with 
respect to each other. Whether for hallway or stairway 
lighting, the switches A and F should be located, respectively, 
at the entrance and the exit of the passageway. The inter¬ 
mediate gang switches, BC and DE, should be installed at or 
near a turn. The lamps, should be located one between each 
switch location about midway of a straight run of the hall or 
stair. 

Explanation. —person, upon entering the passageway operates 
switch A to light lamp G. Tbis lamp, which is located between A 
and FC, then lights the way to BC. At BC, lamp G may be extinguished 
by switch B and lamp H lighted by C, whereupon the person may pro¬ 
ceed along a lighted pathway between BC and DE, If at DE, say, the 
person wishes to enter a room and leave the passageway unlighted, 
H may be extinguished by D. If there are doors along the side of 
any of the hallways at which a control for the lamp in that hallway 
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IS desired, such control locations may be provided by connectmg four¬ 
way switches into the travelers (see Fig 261) and installing the switch 
at the desired place. Note that a person may enter the passageway, 
proceed in either direction, and have a lamp always lighted m front of 
him, and extinguish the lamps behind him. The principal objection to 
this arrangement is the largo amount of wire which is required (see Sec. 
254 and Fig. 292). 

239. A Practical Installation Of Three-way Switches For 
Storerooms And Warehouses, is that in the installation shown 


If (ircui'f 



^0rop Cord OuHef Wiih Key Socket 7*0"rro^ floor On C rcuif No J 
Prop Cord Outlet With Key/e^^ Socket 7 0* from floor On Circuit No. 4- 
Switch Outlet 10 Amp. 3 Wpiy Pu$hButton Switch 


f — I - 1 Wire In Conduit 

■ •■w ■ ? Wires In Conduit 

—— 3 Wires In Conduit 
4 Wires In Conduit 

Tio 272—^Wiring diagram showing conduit mstallation of thrp«-way switches in 
spiond-floor stockroom of Cluett-Peabodj Company, Clucago h H Lamont d, Co , 
Contractors 


111 Fig. 272. The problem was one of providing adequate 
lighting for the numerous bins and stock shelves of this room, 
in which is kept a large stock of men's wear, and at the same 
time keeping the electric-energy consumption as low as 
possible. It was very desirable not to have the lighting 
arrangement interfere with the efficiency of the workmen. 
The nature of this stock is such that the orders invariably 
consist of a wide variety of different articles in small quan- 
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titles. The individual orders are usually gathered by one 
man from the different shelves and taken to the wrapping 
table (not shown) which is situated in the upper right corner 
of the room. Three-way switches were used as indicated to 
effect the desired control. 

Explanation. —If key sockets alone were used a man who is *‘f?athor- 
ing*' an order, in order to turn on the light, would have to drop whatever 
stock ho w^as carrying at the time, turn on the light, pick whatever stock 
was needed, turn off the light and grope his way out in the dark, or the 
light would have to he kept burning. As it often happeas tliat the stock 
from certain sections is needed but once or twice during the day, this latt(T 
method would not be desirable as it would entail an unnecessary waste of 
energy. As the workmen have adopted a progressive system of gather¬ 
ing the stock, by which they start from one ]>oint and fill the various 
items as they go along, single-pole switches could not he used to advantage 
as they would necessitate going back to the point where the swit(‘h 
was located. 

This problem was practically solved by the installation of S8 thr(‘e-way 
switches, one at each end of each tier of stock shelves. As is evident 
from the diagram tlie gatherer can with this arrang(‘ment, start from any 
point, turn on the lights in any tier by nu'ans of the three-way swit(*h 
located near the entrance, pick the stock required from that tier and, 
on leaving the tier at the other end, turn the lights off. Although 
slightly more expensive than a similar installaliou using single-pole 
switches or key sockets, the saving in energy-consumption is expected, 
in a short time, to offset this additional cost. (Ele(’tkical Review, 
Feb. 15, 1919.) 

240. A Garage Three-way Switch Circuit Wiring Diagram 

is illustrated in Fig. 273. In this illustration the three-way 
switch, A, is located within the owner's house while three- 
way switch B is located within the garage. This arrangement 
renders it possible to light or extinguish the garage lamp, L, 
from both switches, A and B. If it is desired to install an 
electric heater on this same circuit so that it will ojierafe on its 
own switch, independently of three-way switches A and B^ 
the wiring for such an extension may be iristalh^d as 
diagrammed in Fig. 273-/7, which will, as shown, necessitate 
an extra run of wire from three-way switch A to heater 
switch /S. 

Note.— If The Garage Three-way-circuit System Is Laid Out In 
AccordA.NCB With The Carter System (Sec. 249) the diagram will 
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then be os shown at Fig 273-/// With the Carter system, an extension 
for a heater circuit operating independently of three-way switches A and 
B may be installed as shown in IV A saving m wjre is thus effected, as 
is evident from a comparison of the diagrams of II and IV 


W/re 

Three Way 

^ Svntch Traveler 




J . J 

Lamp ^eed Wre ^ 


Retu Wire 


fch Fe^et W re 


Re olen c 



He7*0 he ol Wre 


Swi hf^de 
Larrc Frevf Wre 



H Standard Three Way Smteh Circuit Diagram ivith Heater Extension Circuit 
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Up!-^ 
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3It“*Carter" System Three Way Switch Diagram 


Heater Feefn Wire 



If te Hai. jKv td 
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jL? 
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. . /res at ce ” wmemm—.aL.Sjmmmm 

ISL " Carter System Three Way 5w tch Circuit Diagram w th Heater Extension C rcuit 


1 IQ 27^—Standard and ( art« r thrt wi\ nwitih rirtmts for the control of 

gfoiaKP IirIiIs (Ihifl illnstratca tit ctoiiom\ in wire which undir certain conditions 
results from the applnaiton of the C arter Systen ) 


241. The Wiring Diagram For A Remote-control Vacuum 
Cleaner Motor Installation, to 2 hp , which is seivod by an 
alternating-current hingle-piiase line, ib illubtrated in Fig 274. 
The connections on the basement iiancl lioaid aie not shown 
m this diagram But the switch feed wire, after passing 
thiough the mam fube and knife bwitch at the left of the board, 
enters the magnetic switch, passes thiough it, thence through 
the three-way, four-way and three-way switch combination 
and thence to the motor The othei line wiie selves the 
motor direct. The installation of a magnetic switch is not 
justified for the smaller motors For these, the switch feed 
wire, after passing through the mam fuse and switch, enters 
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the three-way, four-wav and throe-way switch combination 
and Lnce is earned directly to the motor, aa la obvious from 
a stud> of this diagiam. The remote or independent control 
of the vacuum-cleaner motor is accomplished at the first, 
second, third, and fourth floors, as shown, m a manner similar 
to that described in Sec 225 and diagrammed in Fig. 253. 



Source of Cnerm ' Vacuum Chetner Vacuum Cknmr FuseotKmfC 

Sj^y Smteh Uofor Mdor %mkh 


Fig 274—Remote control of vat uum Fig 275—Control of vacuum cleaner motor 
cleaner motor using three and four-^ay with doubU-polf switches 

switches 


Note —In Making An Installation Which Is Based On The Use 
Of An Arco Wand Cleaner, one of the three-way switches (A, Fig. 
274) should be located at a point not to exceed 4 ft distant from the 
cleaner relief valve so that both may be readily reached simultaneously 
The reason for this is that, when cleaning the gauze sieve in the relief 
valve of an Arco cleaner, the operator must be able to throw on the 
switch controlling the motor and at the same time manipulate the 
relief valve If the switch A were located out of reach of the relief valve, 
then it would be necessary for a person cleaning the gauze sieve to have an 
assistant turn the switch A on and off. 
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242. A Vactttim-cleaner Wiring Diagram for ^ And %-hp. 
Motors which provides independent control at five stations, is 
illustrated in Fig. 275. A study of this circuit will i(>uder 
obvious the sequence of operation. The double-pole switches, 
which are used on each of the floors, work independently of 
each other. That is, if the first-stoi^ switch is turned to the 
“on” position, the operation of the motor can be stopped only 
by turning this same switch to the “off” position. It cannot 
be controlled from any of the other 8Witche.s at either the 
second, third, fourth, or fifth stories (see Sec. 241). 

243. The Determination Of Three-way-switch-circuit Con¬ 
ductors, that is, the identification of the pioper wires at the 
switch outlets, before connection to the switches, is sometimes 



Fw 276—Conductora of a three-ttav switch circuit as they appear at the outlets 
before connection to tht switches 


confusing to the wireman. There are (Fig. 276) always three 
wires at each of the two three-way switch outlets. One pair 
of wires Alii 2 and B 1 B 2 at each outlet extends, in the standard 
connections (Sec. 249) between switches, as shown in preced¬ 
ing illustrations and in h"ig. 276; these wires are designated as 
switch travelers'^ (Sec. 14). The third wire, PF], from one of 
the switch outlets is connected to one (for example, the posi¬ 
tive) side of the branch feeding the three-way circuit and is 
designated the switch feed wire- The third wire, at 

the other switch outlet returns to the lamps; this wire is 
termed the return wire. The wire CiN which connects the 
lamps to the other side of the circuit is called the lampfeed 
wire. The switchfeed and the return wire at each three- 
way switch outlet should be marked for identification, prior 
to ^Hesting out and connecting up’^ for service. This may be 
done by twisting them together, knotting them, nicking the 



186 


LIGHTING CIRCUITS AND SWITCHES [Div. 5 


insulation or baring skinningtheir ends. If the ends of 
the wires are thus bared foi identification this will save time 
when the wireman tests out. It is unnecessary to mark 
either of the tiaveler wires for identification against one another 
as it is immaterial in what position, relative to one another 
they are connected. 

Note — Method oi Testing A Three-way Switch Circuit Which 
Has Been Installed as in Fig 276 wherein the switchfei d, PFi, and 
the return wire, FiC%, at each switch outlet have been previously marked 
for identification, follows This ^'testing out'' is to msun' that 
the wires have been properly identified and connected The cii- 
cuit may be tested either with a bell-and-battery set or with a magneto, 



as m Fig. 277 While in this illustration the magneto ib, for convenience, 
shown connected to the branch circuit wireb, it is usual to ‘ ring out'^ the 
Circuit direct from the distribution center where the wires are tapped 
to the branch blocks. The objc ct in ringing out a circuit, the ires of 
which have been properly identified as previously desciibed, is merely to 
ascertain whether all of the wire runs are continuous and A\hethcr or not 
the connections to the branch circuit have been properly made To do this 
It lb only necessary to short-circuit wire ends (Fig 277) FyAJh, F 2 AiBi^ 
and CiCa Then ring out the circuit If the magneto rings when 
operated, the circuit is m all probability continuous and properly con¬ 
nected. However, if it is impossible to **get a ring” from the magneto 
there are two pobbible causes of the difficulty (1) The connections arc 
circuit” that is, both of the feed wires to the circuit are connected 
to the same branch wire (2) There u a break or open in one or in several 
of the component conductors of the three-way circuit. 

244. If It Is Necessary To Ascertain Which Are The Switch 
Feed, Which The Return Wires And Which The Switch 
Travelers in the event that the switch feed and return wires 
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have not been properly marked for identification when 
installed, this may be done (Pig. 278) by ringing out and isolat¬ 
ing traveler wires ^1.42 and B 1 B 2 * The third remaining wire 
at each of the outlets will, of course, be the switch feed and 
return wire respectively. Sometimes the switch outlets arc 
too far apart to permit of the ring: rig out the traveler wires 
AiAi and B 1 B 2 , in this manner. In such cases (Fig. 276), 
short circuit, that is connect together, wires FiAiBi and test 
successively, with the magneto, across any two of the three 
wires, F^AoR^ at the distant three-way switch outlet until 



the magneto rings. The two wires on which the magneto 
rings will be the travelers. Now, connect together these two 
traveler-wire ends and test successively, with the magneto, 
across any two of the three wires at the first switch outlet, 
FiA I and Bi until the magneto rings. This will identify the 
travelers at the first outlet. 

Note.—Wkile Making This Test, wires Ci and C% at the lamp 
oiitlot should not be coiino(*tcd together. When the travelers have been 
identified at one outlet as at A, P^ig. 279, they can be connected together 
tliero as shown and tested out at the other outlet with a bell-and-battery 
set. This method of isolating the traveler wires is essentially the same as 
that just described but shows the test as being conducted with a bell- 
and-battery outfit. 

246. To Ring Out The Feed Wires connect wires Cx and Cg 
at the lamp outlet, Fig. 276, and (after short-circuiting the 
branch wires at the distribution cabinet) connect the magneto 
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to wires Fi and Fj. If the connections at the branch are 
COrroH the magneto will ring. If the magneto rings when the 
braDch wires are not connected together it is probable that the 



Fia. 279,—Method of testing out a three-way switch circuit with an electric bdL 


8witch-feed wire and lamp-feed wire connect to the same 
side of the brancli circuit. The remedy for such trouble is 
obvious. 
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246. Testixig Out A Three-way Switch Circuit Installed In 
A Conduit System is illustrated in Fig. 280. This test may be 



I-Conductors JE-Conductors HI-Completed 
In Original Position Tested ancl Connected Connections 


12-Circuit 
Diagram 


Fia. 280.—Identifying conductors in a three-way switch circuit in conduit. 


conducted with cither a magneto or with the bell-and-battery 
outfit previously described (Sec. 244). The diagram of Fig. 
280 may, at first, seem much more complicated than those of 
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Figs. 276, 277, 278 and 279. But this is due to the fact that 
in the conduit system shown all ot the wires in the circuit arc 
carried within the same conduit run The manner of isolating 
the feed and the letiirn wires is exactly the same as that 
explained in conjunction with Figs 276 to 279, inclusive In a 
conduit installation like that of Fig 280, it is an excellent plan 


) k Three Outlet 

^ Three-veaif Switch Qutle^ ' 



1 ^ Travelers 

Tour jw fet Outlet 


Travelers Swifch 



ItlMlating Travelers A-t Three Way Swi+ch Ou+le+s 


TLrWaujv,! Oui ef 



HHola+mg Travelers M Four-Way Switch Outlet 



ISE-Completed Connections 


Fig 281 —Identifying the conductors of a threc-locatioii (ontrol (ucuit 


to use duplex wire foi the switch travelers and a single-conduc¬ 
tor wire for the switch feed and the return wires The use 
of conductors of these types will eliminate the necessity of 
testing out the circuit, after its installation, to determine the 
identity of the various wiies. 

247. To Test Out A Three-way, Four-way Switch Circuit 

(Fig. 281) first identify the switch feed wire to one three-way 





SBC. 2471 THREE- AND FOVR-WAY CIRCUITS 


191 


switch and the return wire from the other three-way switch. 
This may best be done, as shown at II, by twisting together the 
bared ends of the four wires (at the four-way switch outlet, F) 
which form the two sots of tiavolers between the four-way 
switch and the two thiee-way switches. Then ring out the 
wires at each of the three-way swikh outlets, as shown at II, 


Four Iflfcry 
Switch - 



four Wery 
Switch 



I Carter System Arranged For Two Lx>cation Control 
( Using Four Way Switches^ 


IrKundeicent Lamp^ 



Four yntn/Switches 


I Carter System Arranged For Three Location Control 
( Using Four Way Switches) 




IS CarterSystem For Two Location Control 
( Using Three Way Switches) 


Three ffay 
Switch 



ST Carter" System For Three location Control 
( Using Two Three Way Switches And One Four Way Switch ) 


1 i« 2S2 - Showing wiring diagrams of the so-called '‘Carter” system 


until the two traveler wiicb aie found the other ends of which 
have been shoit-circuitcd by being twisted together at the 
four-way switch outlet l\ The remaining wire, at each of the 
three-way switch outlets, is the switch-feed wire in one case 
and the return wiie in the other. These switch-feed and 
return wires should each be maikcd by knotting, baring their 
ends, notching the insulation, or otherwise. 
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248. The Other Two Wires At Each Of The Three-way 
Switch Outlets, Ti and T 2 (in Fig. 281, III) which form the 
travelers to the four-way switch should now have their bared 
ends twisted together, as shown. The bared ends of the four 
wires in the four-way switch outlet are untwisted and each is 
rung out with the other until it is found which of the wires 
pair with one another. The two sets of travelers having thus 
been identified and paired, they are now connected to the four¬ 
way switch binding posts, as shown in the illustration of IV. 
The two travelers and the return wire are connected in one 
three-way switch as shown at the left of /T", while the switch 
feed wire and the two travelers are connected to the other 
three-way switch as shown to the right of IV. 

249. The So-called “Carter” System Of Multi-location 
Lighting-circuit Control (Fig. 282) is one wherein two or more 




Fia. 283.—Diagrammatic definitions of the "Standard’' and the "Carter" systeraB of 
wiring threo-way switch circuits. 

three- or four-way switches {A and C, Fig. 282) is connected 
to both sides of the line. Various Carter-system circuits and 
connections, and also the advantages and disadvantages of 
this system are discussed in the following sections. 

No'Te.—The Usual Method Of Wiring Three- And FourtWay 
Switch Circuits, which has been described in preceding sections is 
herein called the standard system (see Fig. 283) to distinguish it from the 
Carter system. 
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260, The Carter System Is Often Employed To Effect A 
Wire-saving (Fig. 284). The location of the lamps and 
switches shown in Fig. 284 is an exact replica of that in Fig. 
255. However, in Fig. 284, the Carter system of wiring is 



Fig, 284. —llluatrating an actual four-location control installation using Carter system. 

used, whereas in Fig. 255, the wiring is the standard (Sec. 249) 
method. By scaling the length of wire which is used in each 
installation (Figs. 255 and 284), it will be found that approxi¬ 
mately twice as much wire is required for the installation of 



Fig. 285.—Simple "Carter” system two-looation control circuit. 


Fig. 255 as for that of Fig. 284. Since with the Carter system, 
it is possible to connect additional lamps (M and AT, Fig. 285) 
in the branch circuit beyond the furthest three- or four-way 
switch, an additional wire-saving, which is not shown by Pig. 
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284, may frequently be effected by utilizing this same branch 
circuit for lamps which are located in other rooms. These 
lamps {M and N, Fig. 285) are entirely independent of those, 
J, controlled by the three-way switches, that is, they can 
not be lighted or extinguished by the three-way switches. 

261. The Carter System Of Wiring Is, In Some Cities, 
Prohibited By Ordinance. This is probably because of the 
fact that the first three- and four-way switclios which were 
marketed did not possess a positive and quick ^'snap action,'^ 
but were slow and ^^draggy’^ in breaking the circuit. Both 
sides of the line are (Sec. 249), in the Carter system, connected 
to each of the ^'end-switches.Hence, this slow-l)reak me¬ 
chanism of the pioneer three- and four-wa}^ switches frequently, 
during operation, short-circuited the line. However, a 
properly-constructed three- or four-vray snap switch, when 
both sides of the line are connected to it, will, ])robaI)ly, present 
no greater fire hazard than will a double-pole snap switch 
when both sides of the line are connect (^d to it 

Note.—The Carter System Of Connection For Three- And 
F otTR-WAY Switches Is Not Contrary To 1920-Code REQUIUE^^ENThin 
spite of the fact that it wjis formerly, in most quarters, held to con,stit\ito 
a Code violation. It is obvious that if a binglc-jxile switch is connected 
to both sides of the line, a sh<jrl-circuit v\ill result upon closing the 
switch. Tliis fact, together with an erroneous interpret .ation of Code 
Rule 24c, Par. 3, (see Sec. 144) to the effect tliat three-way switches are, in 
every reaped, to be considered as single-j)oh* switchers, hns led many 
inspectors to prohibit the Carter connections. However, thre(‘-wny 
switches are properly considered as single-pol(» switches (Rule 24c, 
Par. 3), only insofar as the requirements of Rule 21r, Par. 1 (see Secs. 141 
and 142) are concerned. 

Note.—It Is Very Likely That The 1923-Codl Will Contain The 
Following Three-wai-s\mtoii Rule (see note under Sec. IIK): 
** Three-way switches are considered as single-pole switches and sliall be 
so wired that only one (J) pole of the circuit will be earned to either 
switch.” If this rule is incorporated in the 1923-Code, the "‘Carter” 
system of connecting three- and four-way switches as described herein 
will be a violation of Code requirements. 

262. Some Of The Switch Combinations Which May Be 
Used In The Carter System are shown in Figs. 286, 287, 288 
and 289. Figure 286 shows three-way snap switches used for 
two-location control wired in accordance with the “Carter” 
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system. In Pigs. 287 and 288 arc shown respectively three- 
way and four-way snap switch combinations and three-way 



Fig. 2Sfi.— Three-way surface snap switches used for Carter-system two-location control. 



Jio 287.--A three-way switch and a four-way switch arranged for a Carter system 

two-location control. 



Fio. 288.—Charier system. Two-location control using a single-pole double-throw 
knife switch and a three-way surface snap switch. 



Fig. 289.—Carter system two-location control using a single-pole double-throw knife 
switch and a four-way surface snap switch. 


single-pole double-throw knife switch combinations. Both 
are for the two-locatioii control of a lighting circuit. Figure 
289 shows a single-pole double-throw knife switch and a four- 
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way surface snap switch installation providing a two-location 
control of a ligliting circuit. 

263. The Carter System Of Two-location Control Of 
Lamps Which Are Fed From Different Branches (Fig. 290) 



Fig 290 — Pwo-location control h\ Carter system connctted to two brandies 


will frequently effect a oonsidoiable saving in wire over the 
same system connected to the same branch. Any trouble on 
the Carter circuit of Fig, 290 may be difficult for an ine\pcii- 
enced person to locate, otherwise there should be no paiticular 
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I IQ 291 —Showing a uiie saving c flee ted by flu Caiter system of connection over 
Standard system of (oniuition This diagram shows a two location routrol of lamps 
in a long hall way winch has branch circuits in its tnd-walls 


difficulty with such an anangement. In Fig, 290, if a fuse 
blows'' some of the lamps may burn at one-half voltage. 
Which lamps will bium at the low-voltage will depend upon 
which fuse ruptures, and also on the position of the switches, 
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Si and S 2 . If, with the switches Si and S 2 in the positions 
shown, fuse C becomes inoperative while lamps La and L 2 
are, by their individual switches, turned on, the result will be 
that the lamps in lamp-group Li, and also lamps L 2 and La will 
burn at one-half normal voltage if S 2 is operated. Note that 
fuses A and C may both be removed and lamp-group Li can 
still be lighted. The method shown in Fig. 291 is particularly 
adaptable for night-watchman’s use wht'ii it is desirable to 
enter the hallway at one end and leave from tlu* other. 

264. Hall-way Or Stairway Lighting By The Carter System 
may be obtained as illustrated in Fig. 292. The control pro¬ 
vided by, and the operation of tliih arrangement, is identical 



Tvro rhrc( I'Wrj *}v\ifcht5 
Mol i iid In o mq 


Fio 292 —Carter connections for thref-wa\ switch-oir<uit for hallway or stairway 
lamps (Evtiv lamp adjacent to any switc h-lo<ation may be cither lighted or extin¬ 
guished by operating the switihts at that location ) 

with that described in Sec. 238 and Fig. 271. However, the 
quantity of wire required for the installation of Fig. 292 is only 
about 70 per cent, of that required for Fig. 271. 

256. Another Three-and-four-way, Carter Connected 
Switch Circuit For Hall-way Or Stairway Lighting is shown in 
Fig. 293. The switches should be located at the turns in the 
passageway and the lamps midway between the switches. 
The operation of this installation is not as flexible as that which 
is outlined in Sec. 254. If, as explained below, all lights are to 
lie left “off,” all switches must lie ojicrated successively in 
sequence. This circuit is, in general, an undesirable one for 
the same reason given in connection with Sec. 237, and Fig. 
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270—if it becomes disarranged by the operation of the switches 
in incorrect sequence, it is somewhat difficult to so turn the 
switches that the circuit will operate properly. 

Explanation. —With the switch-blades in the position as shown in 
Fig. 293 all lamps are If a person enters the passageway and 

operates switch .4, lamp A' is lighted. By passing through the passage¬ 
way—which is lighted by A' —^to switch and operating switch B, A' 
is extinguished and B' is lighted. Thence, proceeding to, and operating 
C, B' is extinguished and C" is lighted. Thus, by going throughout the 
entire hallway—^from A to B, inclusive—and operating each switch in 
passing, all lamps will be l(»ft extinguished. 



Fig. 293—Carter-connectod hallway or stairway lighting circuit. (Each switch 
must be operated in passing. With the switches in the position shown, lamp A' will 
be lighted by operating switch A. Then, upon operating switch B, lamp B is lighted 
and A' is extinguished. Then, operating switch C, B* la extinguished and C' lighted 
and so on.) 


All lamps may be lighted and left lighted by going through the passtige- 
way and operating only alternate switches—that is, if going in the 
direction from A to B, by operating switches A , C, and B. All lamps may 
then be extinguished and left extinguished by: (1) Passing from A to E 
and operating B and D, (2) Passing from B to A and operating B, (7, 
and A. 

If a person enters the hallway at, say, C, (when the switchblades are 
in the position shown), and operates C, lamps B' and C' will be simulta¬ 
neously lighted. Then if he proceeds in either direction and operates 
each switch in passing, one lamp—B', if ho go<8 toward A, and C* 
if toward B—^will remain lighted. If the system is thus disarranged, it 
may be again placed in order by going through the hall in the opposite 
direction from that traversed by the person so disarranging it, and operat¬ 
ing only those switches which were not operated by him. 

266. The Conductors, As They Appear At The Outlets 
Before Connecting To Switches And Lamp, For Two-location 
Control Of Carter-connected Three-way Switches is shown 
in Fig. 294. Note that three conductors project from each 
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throe-way switch outlet, S, two of which, F, are the switch 
feed wires, and the third, W, is the lamp feed wire. Also note 
that two conductors, which are the lamp feed wires, W, project 
from the lamp outlet, L. The two switch feed wires at each 
outlet should be connected to the branch, B —one feed wire 
being connected to each branch wire. 



Fia 2^4—Showmj? londuttor arraiigemont for Cart iM-roiinoct ions of two-location 
lairip-( ontrol, tmplovnig two throc-wa\ Bwitchcs as \t appears at the ouUeta before 
connection to the switches and lamps 

267. The Various Conductors At The Switch Outlets Of A 
Two-location Control Carter Circuit May Be Identified as 

follows: First, at each switch and lamp outlet, separate all 
projecting conductors from each other as indicated in Fig. 294, 
Then short-circuit (connect together) the branch wires, B, 
at the distribution center. Now proceed to a switch outlet 
(*S, h'ig. 294) and there connect various pairs of the projecting 
wires to the two magneto leads until a “ring^' is obtained. 
The two wires which give the ring are the switch feed wires, F. 
The third wire is the lamp feed wire, W, Mark these wires for 
future identification and separate them from each other. 
Then repeat this same operation at the other switch outlet. 
The two conductors at the lamp outlet are, of course, the lamp 
feed wires. 

Note.—This Carter-connected Two-location Control Circuit 
May Then Be Tested Out as follows: (See Sec. 243 on ‘‘testing out*^ 
standard circuits). Remove the short-circuit from the branch wires at 
the distribution center and connect the magneto thereto. Now the 
magneto should not “give a ring.^^ If it does, there is a short-circuit on 
the branches. This should be located and removed before further test¬ 
ing. Then wrap together the bared ends of the two feed wires (F, Pig. 
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294)—^which have been previously identified and marked— at one switch 
outlet. If the magneto now rings, the switch feed wires at this outlet are 
properly connected. If the magneto does not ring, the switch feed wires 
at this location are probably connected to the same side of the branch 
circuit. This, of course should be corrected. Repeat the same operation 
at the other switch outlet. Then connect together the two conductors 
at L, and also the three conductors at one of the switch outlets, S, 
Disconnect the magneto from the branches, and at the other switch out¬ 
let, connect the end of W to one terminal of the magneto. Now when 
either one of the two-switch feed wires, which project from this outlet, is 
connected to the other magneto terminal, a ^‘ring” should be obtained. 
Remove this switch feed wire and repeat with the other. If a '‘ring’' 
is again obtained, the circuit is properly connected. Tin* switches and 
lamps may then be installed. 

268. For Three-location Carter-connected Control, The 
Arrangement Of Conductors Before Connecting To Switches 
And Lamps is shown in Fig. 295. With the exceptions noted 



Fig 295 —Showing coiiductoi arrangemonl foi C artoionuection of a threo-lof afion 
lamp foutrol, employing two tliree-wav Bwitdies and om f()ui-wa> switch, as it appears 
at the outlets before connection to the switches and larniis 


below, the same number of conductors project from each of 
the outlets in the three-location control as in the two-location 
control (Sec. 257), The exceptions arc that in the three-loca¬ 
tion control each four-way switch outlet (S 3 , Fig. 295) has 
four conductors projecting therefrom—two switch feed wires, 
Fiy and two switch travelers, T, 

269. The Identification Of The Various Conductors At 
The Switch Outlets Of A Three-location Carter-connected 
Control May Be Effected by substantially the same procedure 
as for that which is outlined in Sec. 257 for the two-location 
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control. However, the following differences should be noted: 
After identifying the conductors at Si, Fig. 295, proceed to, 
and identify the feed wires, Fa, at switch outlet S 3 . The 
other two projecting conductors are the switch travelers, T. 
Connect together the bared ends of the travelers, T, which 
project from S3. Then, at S2, thc?e two wires which will 
‘^ring’^ the magneto arc the switch travelers for that outlet. 
The third wire at S 2 is the lamp feed wire, W^. 

Note.—This Cahter-connected Three-location Control Cir¬ 
cuit May Then Be Tested Out by folk)winK the same principles bb 
those which are outlined in the note subjoined to Sec. 257. 


QUESTIONS ON DIVISION 5 

1. For what applicationu are three- and four-wav switches employed? 

2. M(tjce a t^k'ttrh shounnu diaoram of ronnertioru of the follntinng: 

a. A threo-way sw'iteh used aa a single-pole aw^iteh, 

b. A four-way switch used as a single-pole switch 

c. Two-location control using two threo-wuy switehea. 

d. Two-location control using two four-way switches. 

€. A three-w'ay switch circuit fed from different branches. If the three-way cir¬ 
cuit is erroneously connected to the same side of the circuit, how may the error be 
easily rectified? 

/. A three-way switch circuit which may be used when the switches are located 
near each other. 

(f. A typical wiring lay-out for a small residence which has two-loeation control 
of up-stuirs and down-stairs hall lights. Also a diagram with three location control 
of the first and second-story hall lights. Also a similar diagram for four-location 
control. 

k. Two-location eontrol with one three-way switch and one four-way switch. 

i. Two-location control with a single-pole, doubl<*-throw knife switch used with 
a three-way snap switch. When used with a four-way snap switch. 

j. A three-way switch circuit with pilot lamps located at the switches to indi¬ 
cate whether the lamps in the lighting circuit are “on” or “off.” 

k. A two-location restricted control with four, three-way switches. 

l. Four-local ion control for down-stairs and up-stairs hall lights using two 
three-way and two four-way sw'itches. 

m. Throe-location control wdth three four-way switches. 

n. Three-location control with two four-way switches and one single-pole, double- 
throw knife-switch. 

O. A restricted switcli circuit for hall lights. 

P, A stairway lighting circuit whereby the stair landing on which one is standing, 
together with the one above or below, may be lighted. Explain its operation. 

q. Throe-w'ay switch circuit for garage. 

r. Remote control of a vacuum-cleaner motor. 

9, Independent control of a vacuum-cleaner motor. 

8 . Explain with diagrams how the travelers, feed wires, return wires, and the proper 
branch-circuit wires of a rnulti-lociition-control circuit may, after iiiBiallation, be 
identified and tested out with a magneto test set. 

4, What is the Carter ayntern of multi-location control. 

5. What are some of its advantages and disadvantages? Make sketches to illus¬ 
trate each. 
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S. Make a sketch showing diagram of the Carter^system of connections of the foUowingi 
0 . Two-location control, 

6. Three-location control. 

c« Two-locaiiou control from two different branchoa. Explain what may happen 
if one of the branch fueea burns out. 

d. Two different hallway or stairway circuits. 
e« A combined restricted and selective circuit. 

7. Explain, with a diagram, how to identify and ''tost out'’ the different conductors 
in a Carteivsystom circuit. 
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MASTER OR EMERGENCY CIRCUITS 

260. A “Master" Or So-called “Emergency" Circuit, 

(Fig. 296) is one which is controlled by a master switch (Sec. 
56). The most frequent application of master circuits is in 
residences to provide emergency lighting in ease of fire or an 
attack by liouse-l)reakcrs. A master circuit may be utilized 
to light simultaneously: (1) All of the lamps within a bvilding, 
h’ig. 297. (2) Lamps which are located on the outside of a 
building, Fig. 298. (3) All lamps on both inside and outside. 

(1) Certain designated lamps or lamp-groups. Master circuits 
arc sometimes called burglar circuits. 




Line* 






j lo 2t)C)—Klonieutan maator diruit (Hither swit( h 4,/? or C, may be (onsidered 
a» a rnastei s-aitt h, suite the lamps ninv be lighted bv either sititth, and no other svutch 
on the circuit will extinguish them ) 

Note.— llEMOTE-roNTKOL Master (/Ircuits —those which employ a 
solenoid-operated switch - aie discussed in Div 8 

Note. -Tue 'rEUM “Location Control^' means control—the ability 
to light or extinguish the incandescent-lamp groups—by operating a 
switch or switches other than the master switch. Ordinarily, in master 
circuits, three- or four-way switches are used for location control. Usu¬ 
ally these location-control switches are installed in the same room with 
the lamp group or near it—^Imt they may be installed at any convenient 
point. 

Note.—Sometimes, In Emeroenoy Systems Op Liohtino, It Has 
H>en The Prac^tice To Provide For The EMEROENcy Lights Sepa¬ 
rate Uircuits And Separate Fixtures In Addhion To Those 
Required For The Norm ad Illumination (W. S. Jones, m Power 
Plant Enqineering). This has resulted in a dual lighting system in 
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Pia 297 —In an emergency all iht lights in a house can be lighted siniultani ously by 
a remote-controlled switch whidi laii b< routrolhd b\ a monuntaiv contact switch 
The momentary-contact switch can be located in any desired room (Courtesy of 
Bari Mfg Co ) 
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order several weeks or months and the trouble was not made evident 
until there was occasion for their use. But where the same lamps are 
used for both general and emergency lighting such difficulties are not 
likely to occur. Thus as the emergency lights are used normally every 
day as general lights any trouble with any one of the lights will make 
itself apparent immediately and the trouble will, as a rule, be remedied 
at once 

Note.—Emergency Or Master Circuits Are Frequently Speci¬ 
fied For Residence-wiring Installations. Where they have not 
been spocifiod by the architect, the contractor can often induce the 
owner to install them if he explains their advantages. In this way, it is 
often possible for a contractor to obtain a fair profit on an installation 
that otherwise would offer but meager returns. 



Fio 2084.—K«iorfl:en(*y in a firo-cnjrino house No flpeeial fixtures are 

required The liffiKs, L, which are used as both emciReacy lights and general lights, 
aie each controlled by a three-way switch, The master switch, E, which controls 
the eniergencv lights, ib a "taudard single-pole flush switch hx ated at the operator's desk. 
(Jeneral lights are shown at li The switches .Si aie wnglc-pole switches 


The master switch (Sec. 56) is usually placed in the owner’s bedroom— 
often near the head of the owner’s bed. H(^ can thereby light simulta¬ 
neously at will, all of the lamps, or only certain designated lainjis, in his 
residence. Whether th(» opt'ration of the master switch will light all of 
the lamps or only part of them is determined by the circuit arrangement 
which is employed. This he can do regardless of the positions of other 
switches throughout the building controlling the same lamps. 

Note.—Master Circuits Ark Frequently Used At Fire Depart¬ 
ment Stations (Fig. 298A). The master switch is installed in the 
operator’s room. The lamps on the master circuit arc located in the 
dormitories, corridors and apparatus rooms. When a call is received 
during the night the attendant at the operator’s desk may instantly light 
the lamps throughout the station house. 
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261. Master Circuits May Be Classified According To Their 
Operating Features as follows: (1) Straight^ or straight-control 
master circuits^ Fig. 299 (Secs. 205 to 270) wherein the master 
switch will, when operated, only light the lamps which are on 
the master circuit. (2) Universal^ or wiiversal-control master 
circuitsf Fig. 324, wherein the master switch, can be operated, 
to either light or extinguish all of the lamps which are on the 
master circuit; see Secs. 277 to 283. 



Fia. 290 .—A simple er«erKen<y or master oireuit. (Kach lamp Kroui) has only one 
control location. Single-pole switch, M, is used for master switch All lamps arc 
connected to one branch circuit ) 

Explanation.— By Means Op A Straight-control Master Cir- 
OTTiT, a person may so operate the master switch that all of the lamps on 
the circuit will be lighted, irrespective of the jiosition of tiny other switch 
or switches on the circuit. However, a straight mast(*r switch can only 
be operated to extinguish such lam])8 as happen to have thc'ir individual 
switches in the open position. With a nnirnmUcontrol master circuit — 
usually controlled by two separate switches inounti'd at the same loca¬ 
tion—all of the lamps may be lighted or extinguished at will, irresp(‘ctivo 
of the positions of the individual-lamf)-circiiit switches. 

262. Master Circuits May Be Further Classified According 
To The Installation Features in regard to: (1) The number of 
wires of the system which supplies the energy; that is, whether 
the energy is supplied by a two-wire or by a three-wire system. 
(2) The number of control-locations with which the individual 
lamp-groups are provided; that is whether single- or multi-loca¬ 
tion. (3) The type of master switch used; see note below. (4) 
The system of connections employed for the three- and four-way 
switches which control the individual lamp-groups; that is, 
whether Carter or standard (Sec. 249). Master-circuit wiring 
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diagrams which embody various combinations of the above 
classifications are described in the following sections. 

Note.—The Various Types Of Switches Which May Be Used 
A s Master Switches: (1) Single- or multi-pole sivitches, of either the 
knife-blade, rotary-snap, or push-snap type. (2) Three- and four-way 
switches. (3) Momentary-contact switch in conjunction with a solenoid- 
operated sunich (see Div. 8). 

263. To Insure Positive Operation Of A Master Circuit, 
Keyless Sockets Should Be Used At All Lamp Outlets which 
are connected to the emergency circuit. Also, the sockets 
should be of a type in which the lamps can be locked. It is 
obvious that if a key socket is open, or if the lamp be unscrewed 
from the socket, it cannot be lighted by closing the master 
cir(‘uit. Thus, in every room where positive master-switch 
control is desired at all times, there should be conniHjted to the 
mast(‘r circuit at least one lamp which is equipped with a 
keyless socket into whi(‘li the lamp is locked. 

264. To Comply With Code Requirements In Master- 
circuit Wiring, the master wiring must be so divided and fused 
that the maximum load which may be carried by any master 
wire and its protecting fuse will not exceed that which is 
permissible (Secs. 172 and 174) on an ordinary branch circuit. 
That is, the master wire (IT, Fig. 299) and its protecting fuse 
arc considered as one side of a branch circuit, insofar as the 
maximum load which may be imposed on it is concerned. 
Thus, a single master wire must not serve more than 1(> sockets 
660 watts—or in special cases 32 sockets or 1,320 watts. 

Note.— Although There Is No Specific Reference To Master 
Switches In The Code, there is no limitation as to the number of 
switches that may be placed in any installation. Hence master switches 
may be installed without violating Code requirements. However, as 
above suggested, whore a master switch controls an incandescent 
lighting load greater than 660 watts, the load must he divided on the load 
side of the master switch between several master wires and each must 
be protected by fuses, so that no master wire will carry more than 660 
watts. See Sec. 172. 

266. Single-location-controlled Lamps On One Branch 
Circuit May Be Straight-mastered as shown in Fig. 299. This 
is the method whicli is oi'dinarily Uvsed in small residences or 
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apartments wherein there is only one branch circuit. Each 
lamp-group, Gi, Gt, and Gz, is provided with only one control- 
location, by the three-way switches, Si, S 2 , and Ss. The mas¬ 
ter switch, M, is a single-pole switch. With M and the 
three-way switches open as in the diagram, all lamps are off. 
However, by closing Af, all lamps will be lighted, the current- 
path being as indicated by the arrows. Also wth M closed, if 
one of the switches, as > 82 , is operated so that the switch-blade 
is moved to the dotted position, then the lamps, Gz, will remain 
lighted by current which will flow directly from Li through the 
switch Sz and lamps Gz to Lz. Thus all the lamps remain 
lighted when M is closed irrespective of the three-way switch 
blade positions. 

266. Another Arrangement Of A Straight Master Circuit 
For Single-location-controlled Lamps is shown in Fig. 300. 



Fig. 300 —Emergency circuit for single-location controllc d laiups whu h arc c onnected 
to one branch circuit 


By tracing out the connections, it will be noted that one side of 
each lamp is connected to the same side, Li, of the branch. 
The other side of each lamp is connected to one of the shunted 
terminals of the three-way-switch. The other two terminals 
on the switch are connected, one to the other side, La, of the 
branch, and one to the master wire. The two wires which 
connect switches A and B should not be mistaken for switch 
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travelers; they are not, because wire D connects one of the 
binding-poets of each A and B to the master wire, and wire E 
connects the other binding-post of each A and B to L^. A 
single-pole switch, M, is used to control the master circuit. 

267. A Straight Master Circuit For Single-location-con¬ 
trolled Lamps On Three Branch Circuits may be controlled by 
a single-pole master switch, Afj, as shown in full lines in Fig. 
301. The same master control is provided herein as that 



Fia. 301—Ernorgoncv rimiit for single-location-conti oiled lamps for three branch- 

r ircuits 

which was described in Sec. 205 for Fig. 299. It should be 
noted that if Mi is closed when all of the lamps have been 
extinguished by their individual three-way switches, the cur¬ 
rent for lighting all of the lamps will be carried by one fuse, F. 
This will not be objectionable if the total number of sockets 
which are served by the three branches does not exceed 16 
(see Sec. 264). 

Note.—If The Total Number Op Sockets Does Exceed 16, an 
installation according to the diagram as shown in full lines (Fig. 301) 
may (Sec. 264) be contrary to the Code. If it develops that the installa¬ 
tion is not in compliance with Code requirements, it may be corrected 
14 
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by the following: Remove the switch Mi (Fig. 301), and conductors, A, 
B, C, and A and substitute thwfor the three-pole fused switch, M,, 
and the c .iductors which are shown in dotted lines. This provides a 
fuse Fi Ft and Fi, for c.ich of the master wires, C\, Ci, and C,. The 
maidmum current which will then flow through any fuse will not exceed 
that which flows through any one branch. See Sec. 172. 

268. Tw 6 Or More Branch Circuits May Be Interconnected 
Through A Master Circuit With No Adverse Results as shown 
in Figs. 302 and 303. As explained in the preceding section, 



Fig. 302—Master switch circuit focding fnuii a two-wiio panel board, flush switrhtns 
being used. This arrangt'iiHUit inu.st not he when* the niustci bwitrh controls over 
16 sockets or 600 watts {lirijant Electric To ) 


interconnection violates Code requirements if the total inter¬ 
connected load exceeds 10 sockets or 000 watts. In Fig. 802 
two branch circuits, which servo a combination of one- 
and two-location-controlled lamp-groups, are interconnected 
through the master cii'cuit. The single-pole master switch, M, 
operates to light all lamps shown in the diagram. Figure 303 
shows four branch circuits. The two branches on the left of 
the illustration are interconnected one with the other; also the 
two on the right are interconnected. Each of the two pairs of 
branches which are interconnected are served through the 
emergency circuit by one blade of the double-pole master 
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switch, M. Hence not more than 16 sockets can be supplied 
by either of the master-circuit fuses, F. This is (Sec. 264) in 
compliance with CooiJ requirements. 



Fia 303 — Mahttr switch ciiruit feeding from a panel boartl, flush switches 

being used This urraugciaciit niaj be ust‘d where the master ww^itth controls a maxi¬ 
mum of 32 HOeketB oi 1,320 watts (Bryajit Electnt Co ) 

269. A Stairway Straight Master Circuit is shown in Ylg. 

304. Individual single-location-eoutrol of the lamps on each 

floor is provided by the three-way switches, and 

The single-pole master switch, Mj is located in the basement 
so that it may be convenuuitly operated by the janitor. Thus, 
all of the stairway lamps may, by closing M, be kept lighted. 
Or, if M is opened, the lamps on any floor may be lighted or 
extinguished by the switch which is on that floor. 

270, A Method Of Installing A Straight Master Circuit In A 
Building Which Has Already Been Wired is outlined in Fig. 

305. As shown, only one control-location is provided for 
each lamp-group. Three-way switches are substituted for the 
originally-installed single-pole switches. The dotted lines 
represent the additional wiring which is necessary to provide 
the master circuit. A double-pole switch, Af, is used as a 
master switch. If M is closed, all of the lamps will be lighted. 
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If M is open, the lighting and extinguishing of any lamp- 
group may be controlled by its three-way switch. As drawn 
(Fig. 305), the master-switch connections render each branch 
circuit separate from and independent of the other. However, 
as will be noted by tracing out the connections, if conductors 
A and B are interchanged on the master-switch binding-posts, 
some of the lamps on both branch circuits may, if a fuse rup- 



Fia. 304 —A stairway master circuit. (Master switch M is located in the basement; 
when M is closed the lamps on all floors arc hKhtod and cannot be extinfcuishcd by operat¬ 
ing the three-way switches ) 

tures, burn at one-half normal voltage when M is closed. If 
so desired two single-pole switches—one for each branch 
circuit—could be used to control the master circuits. 

271. The Usual Method Of Providing A Straight Master 
Circuit For Two-location-controlled Lamp-groups is shown 
in Figs. 306 and 307. The two-location control for the 
lamp-group, G, (Fig. 306) is obtained by one three-way switch, 
T, and one four-way switch F, The master switch is a single¬ 
pole switch, M. As suggested in Fig. 308, this method of 
connection may be extended to include any number of lamp- 
groups which may be connected to one branch circuit. If it is 
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Fig. 305.—Showing method of instulhng an emergency ciicuit in a buildmg which 
has already been wired. (Thrpe-wa\ switches, are installed in the ongtnal single- 
pole switch outlets Dotted lines indicate the necessary additional viiring ) 
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desired to master more than one branch circuit, as many single¬ 
pole master switches may be used as there are branches to be 
mastered. Or, a double-pole switch wired as two single-pole 
switches (Fig. 309); a three-pole switch wired as three single- 



Flo. 307.—Straight-control mastor circuit for two-location controlled lamps. (Two- 
oeation control of the lamp-group is obtained by a three- and a four-way switch.) 


pole switches; a four-pole switch wired as four single-polo 
switches, and so on, can be used. 

Explanation. —The connections for the above method of mastering 
may be outlined as follows: Connect one side of each lamp-group (f7, 
Fig. 308) to one side of the branch, Li. Connect the other side of G 



Fio. 308.—Straight-master circuit for several two-location-controlled lamp-groups on 
the same branch circuit, using a single-pole master switcli. 

to one of the shunted terminals (usually marked ‘‘L” on the switch) 
of the three-way switch, T, The switch travelers, TT, have one pair 
of their ends connected to the other two binding-posts of T. The 
other two ends of W are connected to diagonally-opposite binding- 
posts of the four-way switch, F, A wire, D, is connected; one end to 
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either of the other two binding-posts of F, and the other end to the 
branch, L 2 Another wiie, Ej is connected between the remainmg- 
unwircd binding post of F to the master win, H The single-pole master 
switch, Af, IS connected, one t( rmmal to H and thi other terminal to Lj 



Jia 109 —WiniiR (inj,ram of cncint for hir all rfbulmr-t whin in all lampn 

an tn th< iiriuit 

272. A Straight Master Circuit For One- And Two-location- 
controlled Lamps Which Are Connected To The Same Branch 
Circuit IS illustrated in 1 ig d09 Such an installation typifies 
that of the medium-size residence, whcicm two bianch circuits 
are employed The double-pole master switch, Af, is wired 
as two single-pole switches Interc onnoetion betw eon the two 
branches through the medium of the mastei circuit is thereby 
prevented. Actually, this installation contains two separate 
and distinct master circuits—one for each bianch. The 
principle of connections used in Fig 309 is a combination of 
that desenbed in Sec 265, Fig 299, with that of Sec 271, 
Fig. 308. 
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273. Various Methods Of Providing A Straight Master 
Circuit For A Single Group Of Multi-location-controlled 
Lamps, Using A Single-pole Master Switch arc shown in Figs. 


Three Way Swtiche% 



Fig 310—Straight master (innut for alioiwontrolltd lamp-group, wherein the 

t\io eontrol-looatioiis are provided l)> tvo thi(t-uu\ ‘iwitehes 

310, 311, 312, and 313. 8iu‘h arrangoiiients are, generally, 
applicable only for hallway or stairway circuits where master 


Three-Way Switch 



Lampi 




Lamps 


Fig 311—Straight mastding of thief-lo« atum-toutlolUd lamp-group 
locations provided by two t}irei-wa> and om lf)ur-wa\ awiteh ) 


(f'ontrol- 


control for only one lainp-groii]) is desued. In Fig. 310, the 
master switch, Jkf, a single-pole swittdi which is connected 



)) lyle F If Ha tft v^itch 

Fia. 312—Single-pole master switch connected in paiallel with one four-way and two 

three-way switchos 

across the travelers, when closed, short-circuits the switch 
travelers and holds them closed against either of the three-way 
switches. As shown in Fig. 311, a threo-or-more-location- 
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controlled lamp group may be mastered by connecting the 
master switch across the switch travelers between any two of 
the control locations. In Fig. 312, the three-location-control 
of the lamp-group is effected by two three-way switches and 



Fio. 313.—Emergency circuit for » fhrec-location-coiitrolkd lamp group wherein each 
control-location ih provided by a four-way switch, 

one four-way switch. In Jig. 313, three four-way switches 
are utilized to provide the three-location control for the lamps. 
Compare Fig. 313 with Fig. 257 and note that the master 
wires in Fig. 313 are connected to the idle binding-posts of the 
end-switches of Fig. 257. 



Three fkiySwitch- 


Fig. 314-—Straight mastering of combination one- and tw o-location-eontrolled 
lamps with a doublc^pole master switch (One blade of M. is used to short-circuit the 
switch travelers.) 

Note.—Stbaight Master Control Op A Two-location-con- 
TROLLED Lamp-group, L, By SnoRT-ciRcmTiNo The Switch Travelers 
may be obtained as diagrammed in Fig. 314, When the master switch, 
M, is closed the switch travelers between ¥ and T are short-circuited 
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through one blade of M and the wires, K and L, The single-location- 
con trolled lamp groups, N and O, individually controlled either by 
three-way switches, A and C, or by a four-way switch, B. As shown, 
the double-pole master switch is wired as two single-pole switches. 
When M is open all of the lamp groups shown are controllable by their 
respective ‘location switches. When ilf is closed all of the lamp groups 
shown are lighted, irrespective of the positions of the location switches. 

274. A Straight Master Circuit For Two Or More Lamp- 
groups Wherein One Or More Of The Lamp-groups Is, By 
Two Three-way Switches, Provided With Two-location 
Control (Figs. 315, 316, and 317) must be equipped with one 



Fig. 315—Doublo-polc switfh ■wired as two single-pole switdios for the 

einergeney lighting in a (omhmed one-and two-location eontrolled mstalUtion. 


single-pole master switch for all of the single-location- con¬ 
trolled lamp-groups, and with one additional single-jiole 
master switch for each lamp-group which has three-way 
switch two-location control. In Fig. 316, the master switch, 
Mif controls the emergency circuit for the single location- 
controlled lamps, L, M 2 controls the euKU'gency circuit for the 
three-way-swit(‘h two-loeation-controlled lamp-group, G, In 
Figs. 315 and 317, the same result is effected by wiring the 
double-pole switch M as two single-pole switches. 
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Explanation.— Figure 318 illuatrates why the above specified switch¬ 
ing must be employed. In Fig. 318 one single-pole master switch, M, is 
used. When M is closed all the lamps will be lighted. But v hen M is 



Fia 3tC Two hingle-polo master switchen uned to control an emergency circuit for 
(•onibiiipcl ono- and two-location-controllcd lamps. 

open, lamps A, B, and C cannot be cxtinpciiished by their respective 
switches, unless switches E and F are operated to extinguish group D. 
With the switch bars in the various positions as shown in Fig. 318, group 



V'la, 317.—Doul)h‘-polo knife switch as master switch for emergency lights, in a oom*- 
hined one- and two-location-controllod installation. 

(' should be extinguislied but actually is iu)t. Since current can follow 
the patli indicated by the {irro>\a, (' will be lighted. If switch H is 
operated to the position corresponding to that of G, lamps C will still 
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be lighted. Thus, lamp-groups B and C may be controlled by their 
respective switches only when either E or F m operated to extinguish D, 

276. Master Circuits For Two Branches Which Serve A 
Combination Of One- And Two-location-controlled Lamps 

are shown in Fig. 319. Since all of the lamps on the branch, 
XF, which serves the left-hand side of the house are provided 
with only single-location control, a single-pole switch, ilfi, 
may (Sec. 265) be used as a master switch. The right-hand 
branch, FTF, has connected to it a lamp-group which is 
provided with two-location control by the two three-way 



Fig 318 —Incorrect master circuit (Lamph A, H, and (\ cannot be extinguished except 

when lamps D are extinguished ) 


switches, A and B. Therefore the master switch which con¬ 
trols the emergency circuit for this VW bianeh must (Sec. 274) 
be provided with two switch poles. These two switch poles are 
obtained by wiring the double-pole switch, il/ 2 , as two single¬ 
pole switches. Thus, by using two master switches, M\ and 
M 2 , no interconnection between the two branches will result; 
really three master switches have been used because, M 2 is, 
in effect, two single-pole switches. 

Note.—Where A Combination Of One- And Two-location- 

CONTROLLED LaMP-GROUPS A RE CONNECTED To ThE SaME BrANCH 

Circuit (Figs. 309, 315, 316, 317, 319, and 320), it will usually be more 
economical to use, for the two-location-eontrolled lump-groups, one three- 
way switch and one four-way switch, connected as shown in Figs. 308 and 
309, than to use two three-way switches eonneeted as shown in Figs. 315, 
316, 317, and 319. The arrangements of Figs. 308, 309, and 320, require 
only one single-pole master switch for each branch which is provided with 
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an emergency circuit. Since the average-«i2e residence does not usually 
have more than three branches, one thrce-pole master s\^itch can gener¬ 
ally be used to control the entire emergcncy-( ircuit system Whereas, if 
the wiring is made m accordance with Figs 315, 316, 317, or 310, several 
master switches and a large additional quantity of wire may be required. 



276. If It Is Desired That Only A Part Of The Lamps In An 
Installation Be Connected To The Master Circuit, the wiring 
may be arranged similarly to that of Fig. 319. The lamps, 
S, (Fig. 319) which are controlled by key sockets or single- 
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pole switches (not shown in the illustration) are not connected 
to the master circuit, and consequently will not, necessarily, 
be lighted when the master switches are closed. Such pro¬ 
vision of lamps, which are not on the master circuit, may result 



Fig. 320.—8inp:lc**pole master switch controlling the emergency circuit for a combina-> 
tion of one- and two-location-controllcd lamps. (liamp L is lighted only when master 
switch is closed.) 


in a reduction of the wire- and switch-cost* Yet, since there 
are, in every room, lamps which are on the master circuit, the 
installation is equally as elfectivt; for l)urp;lar protection as 
though all of file lamps in it were on the master circuit. 



Fig. 821,—Simple universal master circuit. (Both Mi and Mz open, all lamps off. 
Both closed, all lamps on. Either Af i or Afa open and the other closed, lamps controlled 
by A and B,) 


277. The Principle Involved In The Connections Which Are 
Ordinarily Used To Obtain Universal Control Of A Master 
Circuit (Sec. 261) may be understood by a consideration of 
Fig. 321. Two master switches are necessary. If both 
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Fia. 322—Universal mastmng of sinRlo-location-co^troiled lamp-groups usmg two 
singlo-polo master switches. 



Fxo. 323.—Elementary wiring diagram of a universal-control master oirouit. 
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of the master switches, Mi and are open, only one side of 
the lamps can be connected to the line, Li, Consequently, the 
lamps will not burn while both Mi and M 2 are open. If both 
Ml and M 2 are closed, the lamps will be connected to both 
Li and L 2 through switches A and jB, irrespective of the posi¬ 
tions of A and B, Therefore, the lamps will, while both Mi 
and M 2 are closed, always be lighted. If either My or M 2 
is closed and the ot her open, the lamps may then be lighted or 
extinguished by either A or B, In Fig. 322, the operation is 
the same, except that each of the lamp-groups is provided with 
only one control location. 

Note.—Another Elementary UmvERHAir-eoNTROL MAftTER-swiTCH 
Circuit is shown in Fijij. 823. For a umversal-(*(>ntrc)l rircuit two sinj^le- 
poJe master switches Mi and M 2 , are used in each branch circuit, l^hat 
is, each pair of single-pole master switches can control a group of sockc'ts 
not exceeding sixteen in number and requiring not more than 660 watts. 
If the master circuit controls more than sixteen sockets, or 660 watts, 
it will he nec(‘s«ary to install a set of ]»ranch cutouts and one additional 
pair of single-pole master switches for each sixti'cn sockets or 660 watts, 
or portion thereof, so that the (\>i>e requirements may be satisfied. 

Note.—A Residence C’an Seldom Be Wired In Exact Accordance 
With The Elementary (''iucuit shown in Fig. 323, because this wiring 
diagram is drawn for only one branch circuit. In cases where the lamps 
are supplied with energy from more than one branch circuit and must be 
subject to master-switch control, the wiring becomes more comiilicated. 
The connections can bo very readily made for any number of branch 
circuits, provided the wireman remembers and follows the few simple 
rules which are given in See. 279. 

278. A Diagram Of A Universal-control Master Circuit 
For Combined One- And Two-location-controlled Lamps is 

shown ill Fig. 324, also in Fig. 325, The principles 
involved in these diagrams will usally be found applicable to 
medium-sized residences which are wired with two branch 
circuits. In Fig. 324, the single-pole master switches, C and 
D, provide universal control for one of the branch circuits. 
E and F provide universal control for the other branch. The 
operation of master switches C and />, and of E and F, pro¬ 
duces the same results on their respective branches as that 
which was explained in Sec. 277. In Fig. 325, except for the 
master switches, the wiring is the same as that in Fig, 324, 
In Fig, 325, the two double-pole master switches. Mi and M 2 , 
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Fig d24 lour single>pole rnasttr switfhes contiol the* unuersal emergency circuit 
for two branch circuits 



Fig 325 —Two double-pole master switches control the universal emergency circuit 
for two branch circuits 


15 
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arc wired as four single-pole switches, so that: (1) When both 
switches are closed^ all lamps are lighted. (2) When both 
switches are open, all lamps are extinguished. (8) When one 
switch IS open and the other closed, the lighting of the lamps is 
controlled by their respective individual-controlling switches. 



279. The Method Of Wiring For Universal-control Master 
Circuits Where Porcelain-base Edison Plug Cutouts Or 
Branch Blocks Are Used is illustrated in Fig. 326. Two 
branch circuits are shown. One is fed through the cutout A, 
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and the other through C. The cutout B is placed to carry 
the fuses for the master wires, shown in dotted lines in the 
diagram, for the two circuits. In laying out and wiring these 
circuits it will be convenient to designate one leg of the main 
circuit the positive or (+) leg, and the other the negative or 
(—) leg, as shown at D in Fig. 326. These legs need not actu¬ 
ally be the positive and negative legs of the circuit, but these 
polarities are assigned to them arbitrarily merely to distinguish 
one side of the circuit from the other as an aid in tracing out 
connections. 

Explanation. —It will be noted from a study of Fig. 326 that each 
individual-control switch, whether it be a three-way or a four-way 
switch, has one of its terminals connected to a master wire, and another 
terminal connected with a side of the branch of the same polarity as the 
master wire for the same switch. The suggestion just noted is the most 
important one, and if the wireman follows it closely he will have little 
difficulty in connecting his circuits. One side of each group of lamps is 
always connected to the single terminal of a three-way switch, as shown 
at E and F in Fig. 326, while the other side of each group of lamps is 
connected always to a side of the branch of the opposite polarity to that 
of the master wire, as shown at G and II, 

Notk. -Thr WiuiNo SiufKME SUGGESTED In Fig. 326 Can Bb 
Extended To Seuve As Manv (hucuiTs As Desired, provided that 
each branch circuit does not contain more than sixteen sockets, nor be 
loaded with more than 600 watts. There should be a pair of single-pole 
master switches for each branch circuit. 

280. In Universal Master Circuits Multi-pole Knife 
Switches Can Be Used Instead Of A Number Of Single-pole 
Snap Switches. Each blade' of vsuch a knife-switch would take 
the place of a single-pole flush or snap switch. For example, 
if there were three branch circuits in an installation, two triple¬ 
pole, single-throw knife switches would be installed. Each 
of the blades of one of these triple-pole switches would take the 
place of an M i switch (Fig, 323) while each of the blades of the 
other triple-polo switch would serve in place of an 3/2 switch. 
Where multi-pole knife switches are used as suggested, the 
owner can light or extinguish all of the emergency-circuit 
lamps in his building by throwing the handle of one of these 
multi-pole switches. 

281. A Building Which Is Already Wired For Electric 
Lamps May Be Provided With A Universal Master Circuit As 
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Suggested in Fig. 327. This diagram shows the circuits for 
such an installation where panel boxes have been installed. All 
of the master wires can be fed from one side of the circuit, the 
negative side, for example, as shown in Fig. 327. Single¬ 
pole cut-outs are used to protect the master wires from exces- 



Fio. 327.—Umver&al*>control ma^ter-’ewitch wiring for an existing panel-box installation. 


sive currents. These plug cut-outs are most conveniently 
placed at some point adjacent to the panel-box location as out¬ 
lined in Fig. 327. The dotted lines in Fig. 327 indicate the 
wires that must be added to an existing installation to provide 
the universal control. At each location where a single-pole 
switch was formerly used in the existing installation, a three- 







S»c. 282] MASTER OR EMERGENCY CIRCUITS 


229 


way switch must be installed, as shown. At certain points 
where three-way switches were formerly installed, four-way 
switches must be used. At certain other points where there 
were formerly four-way switches, the four-way switches are 
permitted to remain. Reference to Fig. 327 will make the 
meaning of this statement clear. 

282. Where Branch Circuits Are Fed From A Panel Box the 
wireman may experience trouble in making the correct con¬ 
nections unless the suggestions given in Sec. 279 in regard to 
polarities are closely followed. It is frequently necessary to 
cross the conductors, as shown at A and B in Fig. 327, 
to make these polarities correct. This crossing is necessary 
because of the method in whicJi connections are often made to 
the branch circuits on the panelboard. Inasmuch as master 
switches are usually installed in the owner’s bedroom, it is 
best to install the panelboard in this room, or near it, so that 
the master switches will be near the distributing cabinet or 
panel box. 

283. Universal Mastering Of A Lamp-group Which Is 
Provided With Multi-location Control May Be Effected By 
Using The Carter System Of Three- And Four-way Switch 



Fia 328 —I nivorflal master eontrol of one multi-loeation-t ontrollod lamp group whero* 
in the three- and four-way switthee arc Carter-oonneoted 

Connections (Sec, 249) as shown in Fig. 328, If the double¬ 
throw, double-pole master switch, M, is closed to position A, 
the lamps will be lighted regardless of the positions of the 
three- and four-way switches. If M is open, all lamps will be 
off. If M is closed to position B, the lighting of the lamps may 
be controlled by the three- and four-way switches. In Fig. 
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329, the same principle is extended to include two multi¬ 
location-controlled lamp-groups, and two double-pole, double¬ 
throw master switches are required. This method is, because 
of the type and number of master switches required, usually 
uneconomical. 



Fig 329—Vmvnsal master control of two multi-location-controlled lamp groups 
wherein the three- ami four-i^ay switches are connect* d according to the Carter 
system 

284, A Combined Carter And Standard System Which 
Provides A Combined Universal And Straight Master Circuit 

is shown in Fig. 330. If the master switch, il/, is closed to 
position Aj all lamps will be lighted. If M is closed to the 
right, lamps C are controlled by switches, D, A', and F; lamps 
K by switches N and L; and lamp G is controlled by II. If M 
is open, lamps C are extinguished and can not be lighted by 
0 })erating switches I), A, and F; and also lamps K and G are 
controlled by their respective switches. 

286. Control Of A Straight Master Circuit From Two Loca¬ 
tions (Fig. 331) may be obtained by the use of two three-way 
switches, connected as shown, instead of the usual single-pole 
switch. In fact, such an arrangement may be provided in any 
master circuit, by using one pair of three-way switches for 
each switch-pole which is required for single-location control 
of that master circuit. Except for the use of the two three- 
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way switches (A and ]?, Fig. 331) instead of the single-pole 
swatch (Mj Fig. 313), the wiring of Fig. 331 is identical with 
that of Fig 313. 



1 icj 330—C oiubiiud Carter and Standard Bvsteni of thrt* and four way switch 
lOiuudiunH to proMd< a tombiutd straight and universal control of the emergency 
cir( uit 


Notii. - Two-looatton CoNrnoL Op A Universal Master Circuit 
may, as suggested above, be obtained by using one pair of three-way 
switches foi eich single-])ole switch, or one pair of three-way switches 
for c ich pole of in ?i-pole switch which is wired as n single-pole switches. 
For example, in Fig 332, two p iirs of Ihrco-way switches, Ti and T^y have 



been substituted for the single-pole master switches, Mi and M^t of 
Fig 321. Each Ti-switch (Fig 332) should be mounted in gang with 
a 7 ’ 2 -sw itch. Thereby, at either location, a person may open or close one 
or both of the Ti- and r^-circuits. The same master control as was 
explained in Sec. 277, for Fig. 321 is thereby provided. A third master- 
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control location may be obtained by connecting into the circuit two 
four-way switches; one between the T^i-switches and one between the 
7 ' 2 -switches. 

Explanation. —The two master-control locations (A and Fig. 331 
and T 1 T 2 -T 1 T 2 Fig. 332) may be located in different rooms, or one may 
be located in the owner’s bed-room and the other near the front door. 
If one of the control locations of the universal master circuit (Fig. 332) is 
located in the owner’s bed-room, it may be found convenient to install 
the other near the front door of the house. Then when all of the occu¬ 
pants leave the house at night, all of the lamps may he extinguished from 
the front-door location. Or, if only a few lamps are connected to the 
emergency circuit, these lamps may, tx) provide burglar protection during 
their absence, be lighted upon leaving. 



Tid 3S'2 -Two location (ontrol of a univcibal rnaaicr eirciut 


286. A Master Circuit May Be Provided For A 110-220 Volt, 
Grounded-neutral, Three-wire System (Fig. 333) by con¬ 
sidering each side circuit (Sec. 12) as a separate two-wire 
circuit. The master circuit for each side circuit may then be 
connected according to any of the methods previously outlined 
for a two-wire system. Various master circuits for three-wire 
systems are described in the following sections. 

287. The Master Switch For A Side Circuit Of A Three- 

wire System may be connected, either: (1) To the outside 
wire—hot side —Figs. 334-7 and 335. (2) Or to the neutral 

wire—dead side —Fig. One method is probably as 

good as the other. However, in any installation, a certain 
one of the methods should, usually, be followed throughout. 
This will lessen the possibility of making wrong connections. 

288. Various Wiring Diagrams Of Master Circuits For 
Three-wire Systems are shown in Figs. 333, 336, 337, 338 and 
339. The principle involved in all is essentially the same. In 



ngle Pole 
Master 5»v fches 


Three bwifch^ 


I-Ma5+erS>wttchIn‘*Hot*’SKie 3I*Mas+er Switch In Grounded 5id« 


Fia 334—Ti^u methods of tonnt<tmg tlu master (ircuit of a threc-wirc systom 



Fiq 335~*Ma8ter (irouit for a thrw-wiro two-branch installation (Double-polf* 
master switch m ‘ hot” side ) 
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Fig. 333, those lamps, A, B, and C, which are connected to one 
side circuit are not, through the master-circuit wiring, con¬ 
nected to those lamps, Z), E, F, G, and H, which are connected 



Fig 336.—Double-polo master switoh controllmuj the cnierKen("v circuit of a thne-wire, 
four-branch installation (Master wiics art indicated by dotted lines ) 



Fig 337—Emergency circuit for three-wire, four-branch install ition (Master 
wires indicated by dotted lines Since the single-location-conlrolled lamp gioups are 
each provided with a separate master wire and switch blade, single-pole switches may 
be used for their control) 

to the other side circuit. In Fig. 336, although the branch 
circuits which are fed from the same side circuit are inter¬ 
connected through the masfer-cireuit wiring when the master 
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I la 33H—Mafitor Bwitch oirtmt feeriing from three-wire panel board, flush switches 
being uM#d This arrangement may bo used wboro the master-switch controls as many 
as 32 sockets {Bryant Electric Co ) 



EiO 339. —Straight master circuit for a three-wire, two-brancli installation which 
contains single- and multi-lof ation-coutroUed lamp groups 
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switch is open, the two side circuits are not so interconnected. 
In Fig. 337, each branch is provided with a separate master 
wire and switch blade. And since each branch serves only 
one lamp-group, single-pole switches may (Sec. 291) be used 
for the control of each lamp-group which is provided with 
single-location control. Figure 338 shows an arrangement 
which is suitable for a four-branch installation wherein the 
number of sockets served does not exceed 32, and the total 
wattage does not exceed 1,320. 

289. Wiring Diagrams Of Master Circuits Which Will Not 
Provide Satisfactory Operation For Three-wire Systems 
^re shown in Figs. 340 and 341. The reason that the operation 



Fia 340—’UinuK tliaRrani of an mrorrcct cmirgomy circuit for a thrpc-'wire system 
(As shown, only one lamp group can lie extinguished at a time ) 


is unsatisfactory is because the two side circuits are inter¬ 
connected through the master-circuit wiring when the master 
switch is open. In Figs. 340 and 341, the emergency circuit 
wiring is so arranged that the branch circuits, E and F, which 
arc, respectively, fed from the two side circuits, C and D, of 
the three-wire system, are, when the master switch, ilf, is 
open, interconnected through the master wire, W. This, as 
explained below, makes it impossible to extinguish all of the 
lamps. 

Explanation. —In Pig. 340, if the switch blades of switches A and B 
are in the position shown by the dotted lines, lamp-groups A' and B' will 
be lighted from their respective side circuits, C and D, If either switch, 
A or By is then operated so that the blade is in the position shown by the 
full lines, the corresponding lamp-group, A* or B% will be extinguished. 
If, however, with, say switch A in the position indicated by the full lines 
and lamp-group A' extinguished, switch B is operated with the intention 
of extinguishing B'y lamp-group A* and will be connected in series- 
parallel across the outside wires. In the diagram, the outside wires are 
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marked + and Since the outside wires are at a potential difference 
of 220 volts, the lamps, and fi' will, if all of them are 110-volt lamps 
and of the same wattage rating, instead of being extinguished, burn at 
normal voltage. The current-path is indicated by the arrows. There¬ 
fore, only one of the lamp-groups (^4' or B', Fig 340) can be extinguished 
at any one time. However, if the master switch is closed, all of the lamps 
will be lighted. 



Fig 341 —Incorrect method of maatennn a three-win , two-branch installation 


290. The Emergency Circuit For A Three-wire System 
Should Be So Arranged That The Two Side Circuits Will Not 
Be Interconnected When The Master Switch Is Open. Such 
errors, which were outlined in Sec. 289 for Figs. 340 and 341, 
may be corrected by: (1) Connecting the branches, which are 
in error interconnected, to the same side circuit, as suggested in 
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Fio. 342.—Singlf^-polc master switch provides satisfactory contiol of an emergency 
drcuit for a tliree-wire two*branch installation when both branches are connected to 
the same side circuit. 



Fio. 343 —Diagram of an incorrect emergency circuit for a three-wire, three-branch 
installation. (Error may be corrected by removing master wires, E and F and wiring 
as shown by dotted lines.) 
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Fig. 342. (2) By providing a separate master wire and switch 

blade for each branch circuit, as indicated by the dotted lines 
in Figs. 343 and 344. The method which is suggested in Figs. 
343 and 344 will generally bo found preferable to that in Fig. 
342. This is because that if the remedy is made according to 



Fia 344 —Correct method of mastering two branch niciuts which are fed from a three- 
wire grounded-neutral system. {Bryant Elertric Co ) 


Fig. 342, the load is likely to be unbalanced on the side circuits 
and also the load carried by the master-wire fuse (F, Fig. 342) 
may exceed (Sec. 264) the allowable 660-watt maximum. 

291. Except As Mentioned Below, Single-pole Switches 
Cannot Be Used In Connection With A Master Circuit To Con¬ 
trol Individual Lamp-groups. In Fig. 346-1 the single-pole 
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switches, Si and S 2 , are connected to control the two lamp- 
groups, A and B. Although the master switch, Sz, will, when 
closed, operate to light all of the lamps, an installation accord¬ 
ing to this scheme of connections will not operate satisfactorily 
for the following reason: The master switch, Sz, being open, 
and Si and ^12 closed, both A and B will be lighted. It is now 
desired to extinguish /?, consequently S 2 is opened. However, 
opening S^ does not extinguish B, because the current will 
flow through the circuit as indicated by the arrows. Therefore 
to extinguish both A and S, switches, aSi, *^ 2 , and Sz, must all 
be open. A diagram of a satisfactorily-operating installation, 
wherein three-way switches are used, is shown at //. 



Fig. 345 . —Showing single-polp and three-way switches used in a mastor-switch circuit. 
(Siugle-pole switclies as shown herein do not provide satisfactory operation ) 


Note.—Single-pole Switches For Location-control Op Lamps 
Which Abe In A Master Circuit Will Provide Satisfactory 
Operation Only Under Certain Conditions. Thus, the operation 
will be satisfactory only when there is but a single lamp-group connected 
to a branch, and when the lamp-group on such a branch is served by a 
master wire which is not, when the master-switch blade is open, connected 
to any other branch. A schematic diagram of such an arrangement is 
shown in Fig. 181 and in Fig. 296. A diagram of an actual installation 
of single-pole-switch lamp-control in connection with a master circuit, 
which will provide successful operation, is outlined at A, J5, and (7, Fig. 
337. Note that in Fig, 337, A, B, and C, are each provided with a 
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separate master wire and switch-blade; also that only one lamp-group is 
connected to a branch (see also Sec. 346). 

Note.—Only One Lamp Of A Lamp-group Mat, By Employing A 
Special Switch, Be Connected To A Circuit as shown in Fig. 346. 
As shown in 7, the master switch, M, is open, the special switch, S, 
is closed, and all lamps are lighted. In 77, the special switch, S, is 
open, and, if M was open, all lamps would be extinguished. But since 
M is closed, the emergency lamp, L, is lighted and lamps, 1, 2 and 3 are 
extinguish(*d. The use of such a switch may Lo desirable where the 
master circuit is often closed throughout long periods of time. Thus, by 
burning only one lamp on the fixture a much smaller energy-consumption 
will result than if the entire group was (^onnected to the master circuit 



I' Posi+ionl: AW Lamps On: Master Switch Open; Special Switch Closed. 


1 . 

1 

I 


l/pper OecH .. 


Branch Circuit 


Master Switch- 



Lower DecH ... 


Emergency Lamp-’' 





l[-P08ition2' Emergency Lamport Master Switch Closed. 
Speciol Switch Open. 


Fia 340—Operation of special switch for use in conjunction ^\ith master circuits. 


by the ordinary method of the three-way switch. ^Vlso, if all of the lamps 
in the group are mounted on one fixture, all of the lamps may be lighted 
by one switch. This result is ordinarily obtained by the use of two 
switches (E, Fig. 319). If one lamp on the fixture is connected directly 
1<) the master circuit as at L, Fig. 320, it will, except when the master 
switch is closed, be unlighted, thus presenting an unsightly appearance 
(see also Sec. 305). 

292. The Procedure To Be Followed In Identifying Con¬ 
ductors And In Testing Out Master Circuits cannot, because 
of the several wiring-schemes which may bo employed, be 
definitely specified. A complete wiring diagram for any 
master-circuit wiring job should be made before the actual 
installation is begun. Then if the wiring diagram is followed, 
16 
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and each wire is correctly marked when it is installed, no 
trouble will result. However, if this is not done, the con* 
ductors may be identified and the circuit tested out by a 
judicious application of the principles which were outlined in 
Div. 5 for three- and four-way-switch circuits. 

QUESTIOKS ON DIVISION 6 

Define a master switch. Define a master circuit. 

5. Wherein are master or emergency circuits frequently employed? 

3. How may master circuits be classified as regards operating features? 

4 . How may they be classified according to installation features? 

6. What is a etraxghtt or straight-control master circuit? 

6. What is a universal, or universal-control master circuit? 

7. Name the different types of switches which may be used as master switches. 

d. What advantage have keyless sockets over key sorkots for use on a master circuit? 

9. Give the Code requirements which must be met in a master-circuit installation. 

10. Draw a wiring diagram of, and explain the operation of each of the following for a 
two-wire system: 

a. Straight master circuit for single-location-eontrolled lamps on one branch circuit. 

b. Same as o, except lamps connected to three branch circuits. 

c. If the load on a master-wire fuse exceeds 600 watts, how may it be corrected? 

fl. Two branch circuits w'hich have connected to them single and two-location- 
controlled lamps, wherein the branch circuits are interconnected through the emergency 
wiring when the master switch is open, 

e. A stairway master circuit 

/ Change an ordinary lighting installation to one which is provided with a straight 
emergency circuit 

g. Usual method of providing a straight-control master circuit. 

h. Master control of a two-loration-controlled lamp-group by short-circuiting the 
switch travelers 

i An emergency circuit for two or more lamp-groups wherein one or more of the 
\amp-groups are provided with two-location control by two three-way switches. In an 
installation where the two-location control is obtained by two throe-way switi'hen, what 
must be observed relative to the number of mastpr-sw'itch blades and master \iires? 

j. Emergency circuit for two branches which serve a combination of one- and two- 
location-ooDtrolled lamps What types of switches will usually provide the more 
economical installation where a combination of one- and two-locatiou-controlled 
lamps are connected to the same branch circuit. Illustrate by diagrams. 

k. An installation where only a part of the lamps are connected to the same branch 
circuit 

l. An elementary universal-control master circuit. 

m. A universal emergency cirouit for combined one- and two-looation-control of 
lamps. 

n. Change the diagram of an ordinary wiring installation to one which is provided 
with a universal master circuit. 

0 . Universal control of a master circuit for an installation containing multi-location 
control of lamp-groups by Carter-connected three- and four-way switches. 

p. A combined Carter- and standard-connected installation provided with a master 
circuit. 

g. Control of a straight master circuit from two or more locations. Same for a 
universal master circuit. 

11. Wherein may two-location control of a master cirouit be applicable? 

18. Name two methods of connecting the master switch into the side circuit of a 
three-wire system. Make a diagram to illustrate each. 
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14. Explain with a diagram why unsatisfactory operation will result if the emergency 
circuit for a three*wire system is so arranged that the two side circuits are interoon- 
nectod through the master wiring when the master switch is open. 

15* Draw a diagram to show why single-pole switches cannot be used to control each 
of two or more lamp-groups on the same branch circuit when a master circuit is provided. 
Explain. 

16. Draw a diagram to show how single-pole switches for the control of a lamp-group 
may be used in connection with a master circuit. What rules must be followed in such 
an installation? 

17* What should be done before an emergency-wiring installation is begun? Why! 
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ELECTROLIER AND HEATER SWITCH CIRCXHTS 

293* The Function Of An Electrolier Switch (see Sec. 53 for 
definition) is to provide varied control of several lamps or 
groups of lamps which may either be contained in the same 
fixture or else located at different points. Electrolier switches 
find their widest application for controlling lamps which are 
mounted in electrolier or dome fixtures; that is, in fixtures 
having, say, five lamps, two of which may be used regularly 
while the remaining three may be cut into the circuit to pro¬ 
vide cither more light or an added ornamental effect. 

Note.—The Control Which Is Provided By An Electrolier 
Switch may be either: (1) Restricted. (2) Selective. (3) Restricted- 
selectme (sec Sees. 15, 16, and 17). The typ(‘ of control which is pro¬ 
vided will depend upon the switch used. Switches which provide each 
of the above-mentioned controls are described in this division. 

294. Electrolier Switches May Be Classified According To 
The Number Of Circuits Which May Be Controlled, as: 

(1) Two-circuit electrolier switches. (2) Three-circvit electroher 
switches. Electrolier switches are seldom made for the 
control of more than three circuits. The circuit-connections 
for both two- and three-circuit switches are described in 
following sections. 

Note.—Since Practically All Electrolier Switches Disconnect 
Only One Side Of The Line From The Source Op Voltage, They 
Must Be Considered As Single-pole Switches insofar as Code 
requirements (Secs. 141 to 144) are eoncerned. 

Note.—Practically All Electrolier Snap-switch Construction 
employs a mechanism which is of the revolving-blade type (Sec. 23). 
This mechanism may be operated by any of the following methods: 
(1) Rotating-hutton. (2) Push-button. (3) Pull-chain. (4) Toggle. See 
Secs. 29 to 32 for definitions. The principal forms in which electro¬ 
lier switches are made are: (1) Surface. (2) Flush. (3) Pendent. See 
Secs. 35 to 37 for definitions. 


^44 
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295. The Conventional Method Of Expressing The Circuit- 
connections Which Are Provided By An Electrolier Switch is 

by a series of numbers and words separated by dashes, as 
a I —2—1 & 2—Off.” As explained below, this convention 
may be used to indicate five different things concerning the 
switch: (1) The number of swiich-nositions. (2) The number 
of circwis controlled. (3) The lamp-groups which are lighted 
at each switch-position. (4) The lamp-groups which are extin¬ 
guished at each switch-position. (5) The sequence of lighting 
and extinguishing the various lamp-groups upon successive 
switch-handle operations. 

Explanation, —Assume that the control afforded by a certain electro¬ 
lier switch is expressed by “1—2—1 & 2—Off.” Since there are four 
groups whicli are separated by dashes, it is a four-position switch. 
The highest miinber used in tlie symbol is 2; therefore, it is a two-circuit 
switch; that is, two circuits or lainj)-groups may be controlled by it. 
The figure or figures in each group indicate which lamp-group or lamp- 
groups are lighted for that switch-position, ft should also be understood 
that the figure or figures which do not appear in any group indicate, for 
that switch-})osition, that the lamp-group of that number is extinguished. 
For example, the second group of the above expression contains only the 
figure ^‘2.” That is, for this switch-position, lamp-group No. 2 is lighted, 
and since figure ^‘1” docs not appear in this figure-group, lamp-group 
No. 1 is extinguished. Also, since the figures ‘‘ 1 & 2” appear in the third 
group, both lamp-group Nos. 1 and 2 will, 'when the switch is in this 
position, be lighted. The word *‘off” indicates that when the switch is 
in that po.sition, all lamp-groups are extinguished. The sequence of 
lighting and extinguishing of the lamp-groups for successive switch- 
handle operations is indicated by the setiuence of the groups of numbers 
in the symbol. That is, ^‘1—2—1 & 2 —()ff” indicates that if the 
switch is ill the off-position, the first operation of the switch handle will 
light lamp-group No. 1; the second operation will light lamp-group No. 2 
and extinguish lamp-group No. 1; the third operation will light both 
lamp-groups; and the fourth operation will extinguish all lamps. 

296. A Three-position, Two-point Switch May Be Used As 
An Electrolier Switch as illustrated in Figs. 347 and 348. 
Figure 347 is an illustration of an actual installation employing 
a standard two-point fan-motor switch. The circuits, 1 and 
2, are completed by the movable contactor (By Fig. 347) 
bridging between a circular contact bar, D, in the base of the 
switch, and the stationary contactors, Cx and C 2 . In this 
illustration, circuit No. 1 is operative; the current path being 
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from the point where the line, Lj, attaches to the binding-post, 
P, which is electrically connected to the circular contact bar, 
D, from D through the movable contactor, B, to the stationary 
contactor, Ci, thence through the lamp and into the line, Li. 



Fig 347 —A three-position, two-pomt snap switch connected as an electrolier 
switch. (The ring contact bar, D, is sometimes called a circular bar ) {Omeral Electric 
Company ) 


The circuit-connoctions for each of the three switch-positions 
are shown m Fig. 348. 


Note—The Circuit Diagram For The Two-circuit, Thrj.f- 
posiTiON Electrolier Switch, as shown in Fig 349, ropresonts th( same 
conditions which existed in the illustration of Fig 347, with the exception 



T\AO'Point Sv^/tch 

0-=R 

Lamp No f 


L 7mp No 2 


X>-i 


Lme 


I Position 1 Lamp No 1 On, Lamp No 2,Off 



CM 


F* Position 2 Lamp No 1, Off, Lamp No 2, On 


P -1 

lII*Position 3 Both Lamps Off 



J-Position 1 Lamp No 1, On, 
I amp No 2. Off 



Lamp No 2 


^Lamp No 
E-Posit ion 2 Lamp No 1, Off, 
Lamp No 2. On 



^ -^^ Lamp No 1 

H'PositionS Both Lamps Off 


Fjo 348. Fio 349 

Fig 348—^Circuit diagram of the two-pomt switch which is shown in the preceding 
illustration connected as a two-circuit electrolier switch to provide restricted control 
of two lamps (Arrows indicate the current-path ) 

Fig. 849 —Circuit-connections for a two-circuit three-position electrolier switch 
providing restricted control of two lamp-groups* “Lamp No 1“ represents one group 
and “Lamp No 2“ the other group 


that the internal switch-connections which light the lamps are made in 
a somewhat different manner from that just described for Fig. 347. 
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As will be noted from the illustrations of 7, II and 777, (Fig. 349), the 
electrolier switch there diagrammed has three stationary contactors, or 
contact points: (1) Line eontacty A, (2) Contact B for lamp No, 2. 
(3) Contact C for lamp No, 1. The movable contactor, J?, consists of a 
continuous copper strip forming two arms which are 120 mechanical 
degrees apart. 

It will be evident from the illustration of 7, that as E bridges A and C, 
the circuit feeding lamp No. 1 is completed, and the lamp is lighted. 
At Ily E bridges A and B. Therefore, lamp No. 2 of the second circuit is 
lighted. However, at this position of Ey lamp No. 1 is extinguished. 
A third turn of the switch-handle throws the movable contactor to the 
position shown at 777, so that it bridges B and C, and consequently, cuts 
out both lamps Nos. 1 and 2. The restricted control afforded by the 
switch is termed (Sec. 295) a ~2'-‘-<)ff^' combination. This type of 
switch finds frequent application in fan-motor circuits which require two 
speed controls. This switch may also be used (Sec. 311) to control a 
heating device. 

297. A Two-circuit, Three-position, Double-deck Electro¬ 
lier Switch is diagrammed in Fig. 350. The double-deck 
arrangement of the movable-contactors is shown in Fig. 351. 
Each of the movable contactors has two arms which are 



1 

^ Lamp No 

Lower Deck 


L, Lamp Noh’ , 




I-Posit ton \ Lomp No.l On. 
Lamp No I Off 


. 

Upper Deck' 
Lam^ No 2 •- 


Lt Lamp 


Not' 




Branch Urcu>f’ 


l-Position Z-Lamps Nos. 
t And I On 





Branch (inu/f Z 

Itt-PosUlon 3 An Off 


Vm 3.>0—Circuits for two-nrcuit, throp-positiori olectroluT svutfh. (Switch 
coiitactors i-h-ctnoully oonnocted ) This switch effects tlio same connections as does 
Bryant switch No. 2030. 


120 deg. apart. The upper- and lower-deck movable con¬ 
tactors are electrically connected. The current path is, for 
each of the switch-positions (Fig. 350), indicated by arrows. 
The sequence of the circuit connections is “1—1 & 2—Off. 

Note.—The Symbolical Diagrams Which Are Used Herein To 
Represent Multi-deck Snap-switches (Figs. 13-AX, and Fig. 360) 
are intended to obviate a confusion which might result if the upper- and 
lower-deck movable contactors were shown in a plan view as occupying 
positions one directly above the other. In the symbols in this book each 
deck of a multi-deck switch is shown as a complete and separate switch 
with its respective movable and stationary contactors. When there is 
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an electrical interconnection between the movable contactors, it is shown 
by a heavy vertical solid line which is drawn between the centers about 
which both the upper and lower movable contactors rotate. The 
dotted lines, which are tangent to the circumferences of the upper and 
lower decks, indicate that the two movable contactors are carried by the 
same shaft and mounted on the same switch base. Since the movable 
contactors of a multi-deck switch are carried by the same shaft, they 

rotate together, and consequently 
always occupy the same relative 
position with respect to each other. 
In the diagram of each deck, only 
the stationary and movable con¬ 
tactors of that deck arc shown 
therein. If one binding-post car¬ 
ries two or more stationary con¬ 
tactors so that the stationary 
contactors in different decks are 
electrically connected, these two 
stationary contactors are connected 
by a heavy line as at A , Figs. 356-7 
and 361-7. 

Example. —In Fig. 350-7, the line, Li, connects to the stationary con¬ 
tactor, a, of the upper deck, and the current, as shown by the arrow, 
flows through the upper-deck movable contactor to the lower-deck 
movable contactor, thereby bridging stationary contactors a and c. 
Hence, lamp No. 1 is lighted. If the switch is in the position at 7, one 
operation will ressult in 77. It will then be noted (Fig. 350-77) that 
stationary contactors a and h, which are in the upper deck, are bridged by 
the upper-deck movable contactor, thus resulting in lamp No. 2 being 
lighted. And at the same time, current passes through the upper- 
deck movable contactor to the lower-deck movable contactor— bridg¬ 
ing a and c—thus lighting lamp No. 1. Therefore, when the switch 
IS in the position shown at 77, both lamps are light(‘d. The next opera¬ 
tion of the switch disconnects the circuit of both lamps Nos. 1 and 2 in a 
manner which will be evident from a study of 777. Obviously, the next 
operation of the switch will return both the upper and the lower movable 
contactors to the positions which they occupy in 7. 

298. A Two-circuit, Four-position Electrolier Switch of 

single-deck construction is illustrated in Fig. 362. The con- 
tactor-airangement, and the circuit-connections provided by 
the four different switch-positions may be understood by refer¬ 
ence to Fig. 363. As indicated in Fig. 353, the following 
combinations are obtainable: (1) Lamp No. 1, on; and lamp 
No. 2, off. (2) Lamp No. 2, on; and lamp No. 1, off. (3) Both 



Fig 351 —Showing an upper and lower- 
deck arrangement of the movable con¬ 
tactors in a two-nrcuit threc-posilion ckc- 
trolier switch 



Sec. 299] 


ELECTROLIER SWITCH CIRCUITS 


249 


lamps on. (4) Both lamps off. Therefore, selective control 
(Sec. 16) is provided. Such circuit-connection sequence is 
conventionally expressed as: “ 1—2—1 & 2—Off. ” A lighting- 
and-extinguishing sequence different from that in Fig. 363 
may be obtained with the same switch (Fig. 352) by changing 



Fia. 352 —Wiring diagram of two-ciroiiit, four-position eloctrolior snap switch (Selec¬ 
tive control IB pro/icled General Elcrtnc Co ) 

tlie connection of the switch feed wire from a, Figs, 362 and 
353-7, to b Fig. 354, and by changing the connections of the 
return wires of circuits Nos. 1 and 2 respectively, from c and 
6, Fig. 352, to a and c, Fig. 354. The same control—selective 
—is provided in Fig. 354 as in Fig. 353. However, the 




Fig 353—Circuit-< onnoctions for iwo-circuit, four-position elootrolitr snap switch. 
(Selective control of the following sequence is provided “1~2—1 & 2—Off *’) 

sequence of circuit-connections as shown in Fig. 354 is “1— 
1 & 2—2—Off. ” The arrows indicate the current-paths. 

299. Other Circuit-connections For Two-circuit, Four- 
position Electrolier Switches are shown in Figs. 355, 356 and 
357 The shapes of the upper and lower movable contactors 
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Switch Fee et Wire ^ j Ok 

Tmrune M. 

I*Position 1. Group 1 On, 
Group 2 Off. 

6roup 2. Ofai 


Group 



H'Position 2: Groups 1 And 1 On. 


lot M 

Lrrv , ^ 


lot I 

Switch H 

l:zSL 


-r -1 

Iwt 

|o} 


Group 1 Off. 

Fio. 354.—Circuit-oomi<*ction8 for two-circuit, four-position electrolier switch. 
(Selective control is provided: “1—1 & 2—2—Off.” This switch effects the same con¬ 
nections as does Bryant switch No. 2625 ) 


Group! •- 



K-Position 3: Group l,0n. Group 2 .Off ly-Position 4. AH Off 

Fia. 355.—Circuit connections for two-circuit, four-position electrolier switch. 
(Restricted-selective control: ”1—1 <fe 2—1—Off.” This switch effects the same con¬ 
nections as does Bryant switch No. 2626.) 


DecM '' AP-s2/ Z- - 



SitionD Group I,On. Group I, Off E-rosition 4: AU 0 

Fig. 356—Circuit-connections for two-circuit, four-position electrolier switch. 
(Restricted control, “ 1—Off— 2—Off.” This switch effects the same connections 
as does Bryant switch No. 2G28 ) 
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of these double-deck switches are indicated in the respective 
illustrations. The cont’^ol which is provided by each of these 
switches when connected as shown, is as follows: Fig. 355, 
restricted-selective, “1—1 & 2—1—Off;” Fig. 356, restricted, 
“l--Off—2—Off;” Pig. 357, restricted-selective, “1—Off—1 
& 2—Off. The current-paths fo’’ each switch-position is 
indicated by the arrows. 



I*Po5»t»onl Group! On Group2,0ff I-Position 2* All Off 



Iff-Position 3 Groups 1 And 2 On 1?-Posit ion 4 AM Off 


Fig 357.—(''ircuit-foimpotions for two-circuit, four-position electrolier switch. 
Restiicted-ftclectivc control' ‘ 1—Off- 1&2—Off" (This switch effects the same con¬ 
nections a« docs Bryant switch No. 2029 ) 

Note. —A Combination Of Two Single-pole Switches Mounted 
Within The Same Poiicelain Casing And Having A Common Feed 
(Fig. 68) is illustrated in Fig. 358. The movable contactor of each of 
these single-pole switches (Sec, 90) is actuated by a separate push-button 
ratchet-gear mechanism (Sec. 89). As will be noted from the diagrams 
shown in Fig. 358, such a switch can be used for the control of two 
circuits. At /, the lamp, A, is connected to the line as indicated by the 
arrows. If the push button controlling this circuit containing lamp A 
is operated, the lamp will be extinguished. To light the lamps of group 
it is necessary to throw the switch controlling the first circuit to the 
on position and then to throw the switch controlling the second circuit 
to the on position, as at //, Fig. 358. This switch provides a —1 & 

2—control combination. See also Fig. 102-A"F, and Sec. 182. 

300. A Three-point Fan-motor Switch May Be Used As A 
Three-circuit Electrolier Switch as illustrated in Figs. 359 
and 360. The circuit-connections of such an installation 
provide (Fig. 360) restricted control of three separate circuits, 
the sequence of connections being ^'1—2—3^—Off.'' There¬ 
fore, such a switch finds frequent applications for those 
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installations where it is desired that only one of three lamps 
may be lighted at one time. The construction of the three- 
point switch of Fig. 359 is similar to that of Fig. 347, which is 
described in Sec. 296. 



Fig. 358.—Two single-pole switdies having a (ommon feed used as two-circuit electro¬ 
lier switch provide a “l—I & 2—Off'* control 


301. Probably The Most Generally-used Three-circuit 
Electrolier Switch Is A Four-position, Double-deck Switch 

which provides a restricted-selective control of the sequence 



Fxa 359—Three-point fan-motor switch used as an electrolier switch (Restricted 
control of the sequence “ 1—2— 3—Off,” is provided General Electric Co ) 


^< 1 —I ^ 2 —1 & 2 & 3—Off/' The circuit-connections are 
shown ill Fig. 301. For wiring diagram of such a switch, see 
Fig. 102-X/. The current-paths for each of the four differ¬ 
ent switch-positions (Fig. 361) are indicated by the arrows. 
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This switch is made both in the rotating-button, and pull-cham 
surface forms, and in the push-button flush and pendent forms. 



Lamp Group J- w-v 
^lamp Croup | | 



■namiiJI 


I-One Oroup On 



" 1 



Jtt“ Three Croups On 


Lamp Group 3 



■ 


1 


1 



H-Two Croups On 


Lamp Group 3 I 


Lamp Croup 


Larrp l c /^ / 


1566 


M fK\\ Off 


Fig 362—Illustrating internal emmts of Dupltx’ switch {Tiryant Electric Co 

Li^t \o 2(40 ) 



Fig 363 —Duplex switch consisting of a thrt e circuit three position electrolier 
switch in senes with a single-pole switdi Ilettrohcr switch providfs lollowing se¬ 
quence of control 1— 2&2— 1&2<L3 {Bryant 1 Icclric Co List Ao 2640 ) 

302. A Combination Of A Single-pole Switch With An 
Electrolier Switch Which Has No Off Position is shown in 
Fig 362. As shown m Fig 363 the single-pole switch is con- 
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nected in series with the electrolier switch. The three-position, 
three-circuit electrolier switch, which is of the double-deck 
type, provides the following control: 1—1 & 2 —1 & 2 <& 3. 
Since the single-pole switch is in series with, and may be oper- 



Fio 304.— Duplex switcli oouBisting of a single-pole switch in senes with a tnree- 
circuit, four-position oleotrobcr switch which provides the following control: 1—2—3— 
1 <&: 2 3. (Opening S, as indicated by the dotted position in JV will at any time 

extinguish all lamps. Ltst No. 2744, Bryant Electric Co.) 


ated independently of the electrolier switch, all of the lamps 
may, at any time, be extinguished (Fig. 363-7F) by opening the 
single-pole switch. Thus, in reality, the combination provides 
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the following control: 1—Off—1 & 2—Off—1 & 2 & 3—Off. 
The circuit connections for certain other combined single-pole 
and electroh'er switches are shown in Figs. 364 and 365. The 
arrows indicate current-paths. See also Fig. 102-XVI and 



B 


5ingle-Pole 5mtch 


I* Position 1 Lamp No l.On, 
Lamps Nos ? And 3 0-ff 



1- P 051 I ion 2 Lamps Nos 1 And On; 
Lamp No 3 Off 


n-rosition 3 Lamps Nos. 1 And 
3,0n» Lamp No 2 Off 


1? Position 4 All Lamps On 


Fig 365 —Duplex switch consistiiift of a single pole switch in senes with a three- 
eircuit, four-positiou eltitrolicr switch which proMiles the following control 1—1 & 2 
1 & 3 1 2 & 3 (With the electrolier switch in anv position opcjtiing the siiiglc- 

pole switch will extinguish all lamps Bryant Electric Co , List No 2745 ) 


303. A Three-circuit Electrolier Switch Wired In Conjunc¬ 
tion With Two Three-way Switches And One Four-way 
Switch is illustrated in Fig. 366. An actual installation which 
employs the same circuit connections is shown in Fig. 367, 
The three-way switches, Ti and ^ 2 , together with the four-way 
switch F, provide thiee-location control for lamp A, and if 
the electrolier switch, i?, is in either of the closed positions, 
three-location control is also provided for the electrolier lamps. 
Since the eleetroliei switch, E, is connected into the circuit 
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ahead of Ti, Tt, and F, none of the electrolier lampb can be 
lighted without also lighting A. Also, if E is in the off posi- 


Switch- 

feed 



Branch 

Circuit 


^2 



Three Vtoy Switch th 
Second Floor Hall 
-^ 


Switch 



inree nayowircn 
In First Floor Hat! 


Four Way Switch ^ 
(If Desired) 

Switch Travelers 


^ Lamp Feed 

Travelers 

Rn urn Wires ^>^=4^ 

Wires 

ik 


V ( 

_ 


Fefurn Vfire v 

Chandelier Lamps In First Floor Hall | 


Second Floor 
Hall Lamp 


Electrolier Switch Mounted In Bang 
With Three Way Switch In First Floor Hall 


}ia 366 —-Lkctiohcr switth wired in eonjumtion with three- and four-way switches 
With switches in positions shown all lamps aie off 


tion, none of the chandelier lamps can be lighted by operating 
Ti, or F. Therefore, with such an installation, if three- 
location control of the up-stairs and down-stairs hall lamps is 



Fia 367 —Illustrating an actual installation of electrolier switch wired in conjimotion 
with three- and four-way switches 


desired, the electrolier switch, E, must always be left in one of 
the closed positions. 

17 
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304. A Method Of Obtaining Multi-location Control Of 
Lamps Which Are In Turn Controlled By An Electrolier 
Switch IS illustiated in Fig 368 The electrolier switch, E, 



1 la 368 — Two lo( aiion control of 
lamps wliH h arc in turn controlled by an 
electrolier st^itoh whii h has no off position 


which has no off position, is 
mounted in gang with the 
thice-way switch Ti. This 
combination provides one 
control location The tliiee- 
way switch, 7^2, provides 
another contiol location Ad¬ 
ditional conliol kxations may 
be obtained by connecting 
foui-way switches into the 
switch liaveleis as suggested 
in Fig 253 


Explanation —'I he eloctrolitr switch, E, I ig 3G8 is identical with the 
electrolier switch, E, lij? d63 Ihiis, the (onliol secjiKiicc provided by 
E (Fig 368) lb 1—1 2—1 & 2 <fe 3 Henic if i jnrson is it Ihf El i- 

location, he may by means of 17, sehet (ither of thf thne ivailable 
lamp-group combinations (Fig 363-7, 77, or 777) and tlun light the 
combination which was silcctfd by 
Ti Since in this particular switch 
(E, Fig 368), lamp-group ^^o 1 is 
(Fig 363) always connected into the 
circuit, it may be dtsiribh to install 
two lamps (A and B, 1 ig 368) in this 
group Then by locating a three-lamp 
fixture—consisting of 1 imps 2, 3, and 
A of group 1 — ind sw itches E and Ti 
in the lower hallway, and 1 imp B and 
switch 1\ in the upper hallway, both 
hallways can then be lighted from 
either the up-stairs or down-stairs 
switch location 

306. One Or More Lamps 
Of An Electrolier-switch- 
controlled Multi-lamp Fixture 
May Be Connected To An 
Emergency Circuit (Div 6) by one of the following methods (1) 
By directly connecting the lamp to the master wire^ as at L, Fig. 
320. (2) By connecting one or more lamps of the fixture to a 



r 10 30^) - An ell < trober bwiU h which 
has no ff position ronnectid in senes 
with a time VIay switih for use in ion 
junition with an (.rairKcniy circuit 
(With the master switch closed one or 
other of the combinations as outlined 
in I'll? 3bl will always be lighted 
With the mastei switch open any tom 
bmation may b( extinguished by T ) 
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.separate three-way switch^ Fig. 319. (3) By connecting a 

three-way switch in series with a ^^no off-position^^ electrolier 
switch, which might be made as shown in Fig. 369. (4) By 

the use of a special switch, as explained below. Connecting a 
lamp directly to the master circuit may, since the lamp will 
only be lighted when the master switch is closed, be objection¬ 
able from the standpoint of appearance. Although the 
methods which are outlined above in (2) and (3) eliminate any 
objection as to appearance, the use of the additional three-way 
switch may add materially to th'* installation cost. 

Explanation. —A Special Electkoher Hwitch, E, For Use With 
A Master Cir('uit, might he arranged as shown m Fig. 370; this is a 
double-deck switch, the upper deck of which is identical to that of the 



>ic} 370- Special electrolier himLIi for um* \^ith an emergency circuit 


single-deck switch of Fig. 353. I'herefore, the control provided is* 
I—2-—1 & 2~C)fT, But when the switch (E, Fig. 370) is in the ofi 
position, the movable contactor of the lower deck then connects the 
three lamps, A, B, and C, to’the master wire, W, of the master circuit. 
Also this IS the only position wdierein A, J5 or T w ill be connected to W. 
Therefore, if the master switch, M, is closed when the upper-deck mov¬ 
able contactor is in the ojien position, A, B and C will then be lighted, the 
current path being as indicated by the arrows. With any other position 
of E, the lamps will be lighted through F as indicated in Fig. 353. 

306. The Term ^‘Heater Switch’’ is usually applied to those 
snap switches which are so designed that by successive opera¬ 
tions of the switch handle, two elements—coils or resistors— 
of a heating device may, in addition to disconnecting the 
elements from the supply circuit, do one or more of the following; 
(1) Connect only one coil to the supply circuit, (2) Connect the 
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iwo coils in parallel to the supply circuit, (3) Connect the two 
coils in series to the supply circuit, Althougli a switch of any 
type, such as an ordinary single-pole switch, a double-pole 
switch, a three-way switch, or the like, may be used for the 
control of heating devices, they arc not, even when so used, 
generally termed heater switches. 

Note.—The Single- And Double-pole Switch Cihcuits Which 
Webb Described As Dimmer Circuits (Div. 4) may bo used as heater 
switches by substituting a resistor or heating element for each lamp- 
group. 

Note.—Any Switch May Be Used As A Heater Switch If Its 
Approved Capacity Is Not Exceeded. The ratings of those snap 
switches which are, in the trade, called heat(T switches, vary from 10 
amp. at 125 volts (1,250 watts) up to 35 amp. at 250 volts (8,750 watts). 

307. The General Requirements Which Are Necessary For 
The Successful Operation Of Heater Snap Switches arc: 
(1) Sufficient current-carrying capacity, (2) Sufficient 
movable coniactor speed to prevent a dangerous arc upon make 
and break. (3) Ability to withstand a high temperature. The 
problems of current-carrying capacity and of nuiki^-and-break 
action cannot be determined by sight or theory. The switch 
either operates successf ally or it does not. However, all approved 
(Sec. 115) heater switches are tested, and will usually ojKTate 
satisfactorily if their rated load is not exceeded. Sometimes 
the switclies on electric ranges and other heating dc^viees are 
mounted too close to the heating ekunents, or sufficient heat- 
insulation from the heating elements is not provided. Under 
such conditions, swit(*h failure may be due to the heat which is 
transmitted from the heating elements. 

308. Heater Switches Must Be Of A Type Which Will 
Plainly Indicate Whether The Device Controlled Is “On” Or 
“Off” (Sec. 150). -In heater switches of the surface type (Fig. 
371), this indication is usually provided by the words 
‘^High,’^ Medium’’ and '‘Low” (vsee explanation below), 
arranged as suggested in Sec. 114. When a plug connection 
(Sec. 150) is used for a heater circuit, the indication may be 
provided by a combination r<‘ccptacle—pilot lamp and 
switch—(Fig. 372) which is so wired that when the switch is 
closed, the pilot lamp will be lighted. 
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Explanation—The Words * High/' ** Medium/' And 

“Low" As Applied To Heater-switch Indications merely indicate 
the comparative amount of heat which will be emitted by the heating 
device \^hen the switch is in the respective positions That is, if a 



Ihj r] i T2 

1IG 3*’! Suifaff' tvpo hpator swit<h showing method of indi ating '\\hethpr the 
ourn nt is off <r on (lie rurr« nt ift n wl tii the pointc 1 button points to High 
I ow oi Mfd Biyant tie ht Ct J f A ) 

Fjg 3"*2 —K(ad\ wirel surf ice typo luat r (ontrol combination rereptacle switch 
and uiduatmg lamp (Tt< piUt Ian y is wired in piral! 1 iMth tht receptacle so that 
the lamp is lighted when tl c switch is closed B yant tlecfric (c Li i \ o 406 ) 

heater svcitoh (Fig 171) the optritiiig hoquenee of which is off high, 
medium and lo i (ontroK t\\o (qu il-c ip i( ity h( itirig elements, 4 and 
of a heating d(MC( no cnirtnt t\ill flo\v when th( switch is in the off 



Flo 4^3 —Ilhistralmg the meaning of 1 eatci switcJi indieations (Dotted lines 
indicate the connection which arc male inside of the switch Arrows indicate current 
paths (Bryant Electric Co List No 2619 ) 


position When the switch indicates ' high' (Fig ^7^/7) A and B are 
m parallel When the switch induates ^medium' (Pig 373-7/7), 
onlv one element, as A, is on, and the other element is off When “low*' 
IS indicated (7F), the two elements are m series 
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Consider two heating elements, which are alike in every respect and 
in which there is no change in resistance with a temperature change. 
Now assume that the two elements will, when connected in series to a 
given source of voltage (Fig. 373-/1^) give off one heat unit. Then, one 
of the elements, when connected to the same source (i/7), will give off 
two heat units. And if the two elements are connected in parallel (Fig. 
373-/7) to the same source of voltage, four heat units will be emitted. 
If thft two elements arc unlike in shape or are of unequal resistances the 
abov» proportions do not hold. 

309. Heater Switches Are For Use On Heating Devices 
Which Have Two Heating Elements —coils or resistors—in 
each unit such as cooking devices, radiators, mangles, indus¬ 
trial heaters for glue-pots, linotype metal, and the like. As 
suggested in Sec. 300, ordinary single-pole or double-pole 
switches, sii(*h as those which are generally used for lighting- 
circuits, may be used to control heating devices which hav(' 
only one heating element in each unit. Hence, such switches 
may be used for flat irons, toasters, curling irons, water 
heaters and the like. Various types of heaU'r switches and the 
circuit-connections which are effected thereby are treated in 
the following sections. For methods of installations, see the 
*author\s Wirino For Lkjht And Power. 

310. Heater Switches May Be Classified According To 
The Circuit-connections which are made as: (1) A senes switch^ 
Pig. 374, whereby the two heating elements may, by successive 



I-Position 1:“Low* 
A ^nd 5 In Series 



"”1,, Heaitnq ffrnients 1, 


TtPosition 1 
0. On. A. Off 


V Smteh 



m-PositionS-.Off 


Fia. 374,— Single-polo sones heater switeh providiriK the lollowmR sequence of con- 
noctionB’ " Low—High—Off ” 


operations of the switch handle, first l)e connected across the 
line in series, then only one element connected across the line, 
then both elements disconnected from the line. (2) A parallel 
switchy Fig. 370, whereby the two heating elements may, by 
successive operations of the switch handle, first be connected 
across the line in parallel, then only one element connected 
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across the line; then neither element connected to the line. 
(3) A series-parallel switch^ Fig. 382, whereby the two heating 
elements may, by successive operations of the switch handle, 
first be connected across the line in parallel, then across the 
line in series, then only one connected across the line, then 
neither connected to the line. The aeries and parallel heater 
switches are usually of the single-pole type whereas the series- 
parallel switches are regularly manufactured in both the 
single- and double-pole tyjK's. Circuit connections of swiiches 
of each of the above classifications are described in the follow¬ 
ing sections, 

311. The Circuit-connections For A Single-pole Series 
Heater Switch are diagrammed in Fig. 374. As indicated, 
it is a three-position, single-deck switch. When connected 
to control two heating elements, as shown in Fig. 374, the 



I Posi+ion 1 * High’* B. 
On And Ak, Of^ 


31 Position 7 ‘ Low A 
And D In Series 


II Positions Off*’ 


1 1(4 175 lufttn Hwitth whi< h pro\id«B the following Bequenoe of 

ttiuiuciiorih Hi)rh low Off” 

sc'quence of operation “Low—High —Off.’^ By inter¬ 

changing the coniuH'tioiis C and 1) of Fig. 374, the sequence of 
operation (Fig. 37o) will be: “High—Low—Off.” The cir¬ 
cuit-connections wliich arc provided by a heater switch such 
as tliat shown in Figs. 374 and 375 are the same as those which 
are provided by the electrolier switch in Fig. 349. Such a 
switch, if of suitable capacity, may be used either to control a 
heater unit or to control two lamp-groups. 

Notb—The Kind Op Apparatus Which A Switch Controls 
Sometimes Governs The Name Which Is Applied To The Switch. 
If a switch such as that described above is used to control lamps, it 
is usually called an electrolier switch. And the same switch, if used to 
control a heating device, is then ordinarily called a heater switch. 

312. The Circuit-connections For A Single-pole, Parallel 
Heater Switch are shown in Fig. 376. It is a single-deck, four- 
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position switch. When connected as shown in Fig. 376 to 
control two heating elements, A and jB, of unequal capacity, 
successive operations of the switch so connect the heating 
elements to provide the following sequence* '^Low—Medium 


Heater 'twitch 



m-Posttjon*^ ‘‘High’ A And 5 InParaHc! TV Position 4 Off 


Fig 370—SniKlt-polc paiallol heatci switch controlliiiK a unit (onsisting of two 
heating elcmt nts of unequal capa< tt;y (As <oniiec ted the following s( (iut,n< e of heating 
effects are provided “Low—Medium —High—Off ” {Bryant Electric Co , List No 
2216, 10 amp at 125 volts or 6 amp at 250 lolts that is 12'>0 watts ) 

—High—If A and B are of equal capacity, only two 
heating effects—^^High” and “Low^^—will be provided (see 
explanation below). This switch is identical to that shown 
in Fig. 353, and (Sec. 298) may be used either as a heater 


Heater Switch 



Fig 377 —Single-poh parallel heater switch controlling two elements of unequal 
capacity As connected the following sequence of heating effects is provided “ Medium 
—^Low— High—Off ” 


switch or as an electrolier switch. If the connections of the 
line, Lf and the heating elements, B and A, are changed from 
binding-posts 1, 2, and 3, as shown in Fig. 37G, to 1, 3, and 2, 
as shown in Fig. 377, the operating sequence will then be: 

Medium—^Low—High—Off.'' The other possible changes 
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which may be made in the external connections, and the 
operating sequence which results therefrom are shown in 
Figs. 378, 379, 380 and 381. 

Explanation. —Since element B (Fig. 376) has a lower resistance 
than A, more current will flow (Fig. 376-/7) through B than will flow 
through A (Fig. 376-/). In ///, the two elements arc in parallel. This 



Heating Elements 
Heater Switch 

Fig 37S—Sinffle-pol#* parallel heater 
switch, coutrolhiiK two heatiUK elements 
of uTiequal capacity , which is connected to 
operate* ‘ Hipch—Low—Medium— Off 


1IG 370—'SiiifiU-pole, parallel heater 
switch (ontrolliTiK two heating elements 
of un< qual capacities (The switch, as 
eoniKMtid operatis “ High--Medium— 
l^ow- Off ” 


still further dccrotises the resistance of the unit, thereby developing more 
heat than in (‘ither / or //. Hence, by using such a switch with a unit 
which consists of two unequal-ctipacity elcTneuts, throe different heats 
are provided. If the elements wore of the same capacity, the amount 
of heat given off by I would be equal to that given off by //, then only 
two ^‘heats’’ would be available. 


I ^ I Heafingi ^ 

*-' Uemenf^ 

Fia. 380—Singlo-pole, parallel heater 
switch controlling two heating elements 
of unequal eapaeitics (When connected 
aa shown the switch operates' “Low- 
High—Medium—Off “ 



Heater Smteh 


Fig 3H1 —Single-pole, parallel heater 
switch controlling two heating elements 
of uni qual capacities (As connected, 
the switch operates: “Medium—High— 
Low—Off “) 


Note.—1’he Binding-posts, Or Terminals, Of Practically All 
Snap Switches Ark Marked To Indicate How The Switch Should 
Be Connected. This marking, which is usually stamped on the 
porcelain, corresponds to the marking on the diagram of connections 
(Figs. 101,102, 103 and 101), which will be furnished by the manufacturer 
of the switch. If the markings on the switch have been defaced, or if 
the diagram of connections is not available, the wirenian should, if 
(lOHsible before eonnecting up the switch, carefully trace out the internal 
connections for each switch position. Otherwise, trouble is likely to 
result. Also, if the connections to a heater switch are, for the purpose 
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of changing the operating sequence, changed from that which is indi¬ 
cated on the porcelain, the wireipan should, by carefully tracing out the 
internal switch connections for each switch position, first determine 
whether or not the switch will operate under the changed connections. 
If it will operate successfully with the connections changed, the indicator 
should then be altered to correspond with the new operating sequence. 

313. The Circuit-Connections For A Single-pole, Series- 
parallel Heater Switch are diagrammed in Fig. 382. This 
four-position switch, when connected to control a heating 
device which has two equal-capacity heating elements, oper- 



Fio 382 —Cirruit-ronnof tions of a single-poli* aenea-parallel heater switch controlling 
two heating elements of equal capacity which operates High— Mtdiuni—I jOw—O ff ** 
{Bryant Electric Co List No 2619 ) 

ates: “ High--Medium—^Low—Off.” See Fig. 104-X/F for 
wiring diagram. The switch which is diagrammed in Fig. 
383 is similar to that in Fig 382 However, the movable- 
and-stationary-contactor arrangement of Fig. 383 control the 
heating elements to operate: “Low—Medium—High—Off.” 

314. The Circuit-connections For A Double-pole, Double¬ 
deck, Four-position, Series-parallel Heater Switch are shown 
in Fig. 384. This switch, when connected as shown to control 
a heating device which has two equal-capacity heating ele¬ 
ments, operates. “High-Low- Medium—Off.” When in 
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I Posit ion 1 Low" 

(Elements In Senes > 



III Position 3 High 
( Element0 In Parallel > 


lid IKl Cirniit f OTim (tionn of i sii 
iHK t>\o h« itiiiR tlcmonts of ujual ( ipat 
lliah- Off ) 


2 Qi 



I Position 7 Medium" 
<One Element On) 



12 Position A Off 


U poll ru8 parallf 1 hr atr r BWitr h r ontroU 
V (Iht switch optratta Low Medium— 



Fxo 3S4 — ( 11 cult Connertions of a doublt pole senes parallel luater switch eoutroll 
niK two equal (apaeit> heatuiK tlrments 4 and B which operates High — Medium- 
low—Off ' (Hr yant T lectnc Cl Ltbt \a 2{jiUU j 
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the off position (Fig. 384-7F), all wires of the heating ele¬ 
ments are disconnected from the line. It is therefore a 
double-pole switch and may be used on devices which have a 
capacity (Sec. 150) above that required for single-pole heater 
switches. This switch is approved for 30 amp. at 125 volts, 
or 15 amp. at 250 volts, that is, for 3,750 watts. See Fig. 104- 
XllI for wiring diagram. 

QUESTIONS ON DIVISION 7 

1 , What Ib the function of an electrolier switch? 

2. What applications are made of electrolier switches? 

8 . Name and define the three types of controls which may be obtained with electro¬ 
lier switches. 

4 . Classify electrolier switches according to tlie number of circuits (‘ontrollcd 

5. What is the maximum number of circuits for which electrolier switches, as 
generally manufactured, will control? 

6. Why arc electrolier switches considered as single-pole switches insofar as Code 
reciuirements are eoncernetl? 

7 . In general, what are the methods of operation and the forms of electrolier switehesT 

8. What is the conventional method of expressing the circuit-connections which are 
provided by an electrolier switch? 

9. What is meant by the expression, “l—2—1 & 2 & 3—as applied to 
electrolier switches? 

10. Give five facts about the switch which such an expression indicates. 

11 . Show by sketch how a three-positiou, two-point, fan-motor swutch may be used 
as an electrolier switch. Make a circuit diagram for each of the three positions. 

18 . Make a sketch of the circuit-connections of a two-circuit, three-position electrolier 
switch for each of the three positions. 

18 . Make sketches of the circuit-conncctions of three different two-circuit electrolier 
switches; one to provide selective control; one to provide restricted control; and one 
to provide restricted-selective control 

14 . Make a sketch to show how two single-pole switches having a common feed may 
be used as an electrolier switch. 

15 Show by sketch how a three-point, fan-motor switch may be used as a three circuit 
electrolier switch. 

16 . Make a sketch of the circuit-connections for each position of a three-circuit, 
four-position electrolier switch. 

17 . Show by sketch how multi-location control of lamps which are in turn controlled 
by an electrolier switch may be obtained. 

18 . Name and explain by diagram four methods in which an electrolier-switch- 
controlled lamp-group may be connected to a master circuit. What arc the advantages 
and diBadvantages of each method? 

19 . What is a heater switch? 

80 . How may a single- or a double-pole switch be used aa a heater switch. Explain 
by sketch. 

81 . Give the capacity range within which heater switches of the snap type are gener¬ 
ally manufactured. 

88 . What are the requirements for the successful operation of heater snap-switches? 

83 . Why should a heater switch lie protected from the heat of the heating device 
which it controls? 

84 . How may a heatei svvitch be made indicating? 

85 . How may a heater outlet be made indicating? 

86. Explain the meaning of the terms, “High,” "Low,” “Medium,” and “Off,’ 
as used on indicating heater switches. 
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ST. What are the relative amounts of heat which will be emitted by two similar heating 
elements when connected in series across the line, when only one element is across the 
line, and when the two elements are in parallel across the line? Docs this relatioJi hold 
if the two elements are dissimilar? 

SS. Where are heater switches frequently used? 

S9, Classify heater switches according to the circuit-connections which may be 
effected by them, 

90. What is meant by the terms; (a) Series switch, (fc) Parallel switch, (c) Series- 
parallel switchf Make a sketcii of each. 

81. Make a sketch of the circuit-connections for: (o) A singlc-polc, series heater 
switch, (b) A single-vole^ parallel heater switch, (r) A singic-pnlct HcncH-parallel heater 
switch, (d) A double-pole, series-parallel heater stvitch. 

82. What may sometimes govern the name which is applied to a switch? (live an 
example. 

88. Show by sketch how the control-sequence of a heater switch may be changed by 
merely changing the wires from one binding-post to another. 

84. How are the terminals of all 8naj)-8witches generally marked. 

88. What should always be done bof >re connecting up a snap switch? 



DIVISION 8 


REMOTE-CONTROLLED, DOOR, AND TIME SWITCH 

CIRCUITS 


316. A Remote-controlled Switch is a switcl ♦\lii may be 
operated electrically from a distance by closing oi opening a 
control circuit (Sec. 310) which extends through one ot moe 
electromagnets. The electromagnets fomi a j)art of aii<l aie 
mounted on the switch. A remote-confrolled swit(*h is some¬ 
times called a remote control suntch or a remote switch; also a 
magnet switch. 

Example. —A Diaoham To Illustrate The Definition Op A 
Remote-controlled Switch is sho^ivn in Fir. 3S5. At 7, the remote- 
controlled switch, /?, is open. By closing the singh^-poh* switch, 
current flows through tlie electromagnet, M, as iiidicatt'd by the light 


^ ^-Single Pok Switch Af Considerabfe Distance^ 
N\ Frofn Remote Controlled Switch 



iR . 

t- Switch Open 


^ Contactor n Remote Controlled 

Switch 

H-Switch Closed 

• IllustrutinK definition of h iiioto-contiollfd switch 


arrows in II, This current energizes ilf, tluToliy pulling the contactor, 
P, upward to the closed position. Current may ihen flow through the 
lamp circuit, as indicatt'd by tln^ heavy arrows, thus lighting the lamps. 
As long as S is closed, M remains energizt'd, and P is held in the closed 
position. If 8 is opened, the electromagnet le force on P is removed, and 
P falls by gravity Thus, R is opened and the lamps are extinguished. 

Note.—Theoretk^ali.y, A Remote-controlled Switch May Be 
Remotely Controlled Either Mechanically" Or Electrically. 
Switches which are used for the control of high-voltage circuits arc 
frequently provided with a system of links and levers so that the switch 
may be manually operated by a handle which may be located several or 
many feet away from the switch mechanism. Such a switch is truly a 
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remote-controlled switch, in the sense that it may be operated from a 
location which is remote from the switch. However, in this book most 
of the remote controlled switches which will be considered are electrically 
remote controlled. Hence, hi'rein, unless otherwise specified the term 
remote-controlled switch*’ will ordinarily mean an electrically remote- 
controlled switch, 

316. Remote-controlled Switches Have Two Separate 
Circuits: (1) The control, or operating urcmt, ^oo. 828, (2) 
The load circuit which is the circuit wfuch serves the electrical 
load and which is controlled by th opening and closing of the 
remote-controlled switch. Each of these circuits are treated 
subsequently, starting with Sec. 82S. 

317. Remote-controlled Switches Are Used to control both 
lighting and ])Ower circuits. The principal use of remote- 
controlled switches for ligliting soi vice is in the contiol of largo 
groups of lamps in such installations as public buildings, 
theatres (Div. 0), train sheds, isolated sections of jilants or 
docks, factory buildings, and the like. Although switches 
of this type are frequently employed to provi(!e contiol of 
a motor from a distant point, the material pertaining to 
remote-controlled switches which is contained in this division, 
applies principally to lighting-circuit contiol. 

318. Remote-controlled Switches May Be Classified Accord¬ 
ing To Operation as: (1) field closed mechanically (Fig. 387); in 
the switches of this class, the switch is closed by one electro¬ 
magnet and is held closed by a latcli mechanism. Usually 
there is a second electromagnet which, wlien energized, releases 
the latch, whereupon the switch is opened by gravity, by a 
spring, or by the electromagnet. (2) Held closed electrically 
(Pig. 402); that is, in the switches of this class, the energiza¬ 
tion of the electromagnet closes the switch, and so long as 
current flows through this electromagnet, the switch (Fig. 385) 
is held, by the magnetic pull, in the closed position. Then if 
the current through the electromagnet is discontinued, the 
switch is opened by gravity or by a spring. This electro¬ 
magnet may (Sec. 327) have two windings. Switches of each 
classification are described in the following sections. 

Note.—An Electric a lly-held-closed Remote-< controlled Switch 
I s Better Adapted For The Control Of Motors Than For The 
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Control Op Lamps. This is because such a switch (Sec. 327) inherently 
provides low-voltage protection to the load circuit. Thus, in the event 
of a failure in the power-supply, the current through the electromagnet 
will be discontinued; the switch will open; and the motor will be dis¬ 
connected from the line. 

Note.—A Mechanically-held-closed Remote-controlled Switch 
Is Better Adapted For Use In The Control Op Lamps Than Is 
One Which Is Held Closed Electrically. This is because: (1) Low’- 
voltage protection is usually neither required nor desired for lamps, (2) No 
current is wasted in holding the smtch closed, 

319. The Two Principal Types Of Remote-controlled 
Switches are: (1) The straight4ine-movement type (Fig. 386-/) 

wherein two movable con¬ 
tactors, C, which arc carried 
by a U-shaped contact bar, J5, 
in opening and closing, move 
inward and outward in a straight 
line. (2) The clapper type (Fig. 
386-J/) wherein the movable 
contactor, C, is carried by a 
contact finger, B, which in 
opening and closing, oscillates 
about the pivot, P, Electri- 
cally-held-closed switches (Sec. 
318) and mechanically-held- 
each of these types are described 

in following sections. 

320. A Three-pole, Straight-line-movement, Mechani- 
cally-held-closed Remote-controlled Switch is shown in 
Fig. 387. Except during the almost-instantaneous period of 
opening and closing, no current is required for the operation of 
this switch. This feature is provided by a device which, after 
the switch is closed, automatically opens the closing-coil 
circuit and closes the opening-coil circuit. Then, when the 
switch is opened, the opening-coil circuit is opened, and the 
closing-coil circuit, is closed. Therefore, when the switch is 
open, current can only flow through the closing-coil circuit. 
Or, when the switch is closed, current can only flow through 
the opening-coil circuit. Consequently, even if either of the 
momentary-contact switches (Fig. 388) be held closely inde- 



1-Stra»gh+-Lme< R-Cloipper 
Movement Type Type 


Fig 38fi—11 lust rating tv,o tvpea of 
remole-contronecl-s^itc h (oust ruction 
(Both switches are in the open position ) 

closed switches (8ec. 318) of 



&-Switch Clos^ Ciosino|>Coil Circuit, Open: Opening-Coil Circuit, Closed 

Fiq 388 —Wiring diagram of the opening and closing coils of a Hart Type F switch. 

{Haxt Mfg Co ) 
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finitely, no current will flow thiough the control circuit 
except during the vciy short peiiod while the switch is opening 
or closing. The method of opeiation is explained below. 


Explanation —The switch (Fig 3S7) is held in the open position by a 
spiral mainspnng (not shown) When the switch is closed and locked 
this spiral m imspniig is compressed Then win n the locking mechanism 
IS released, the compressed mainspring kuks the switch open The 
method of closing the switch and of releasing the locking mechanism is 
explained in the following paragraphs 


immm 



Fm 380—Illustrating lo< king tmdianism and th< inithod of counoding and dis- 
coiineding iht opening and doamg tod (inuit ol Hart I ypt h rcinoti-(ontiolkd 
switch 


The laminated contact bnishes (7f, Fig 3S7) are c irned by X -shaped 
yokes, V These X^-shaped yokes extend leross the svMtch frame, F, 
and downward on eith< r side of F, so that B may tc>nt<i(t with the copper 
blocks, Ay to which are bolted the eonne cting lugs, L The brush yokes, 
IJy are in turn e irned by a plite, P (l"igs 3S7 and 3S9), to which are 
attached the cores, K (Fig 3S7-/i/), of the closing coils Ihe switch 
18 provided with two closing coils (P, Fig 387-7/7) which are (l^ig 388) 
connected m series Hence, when the closing coils, T, are energized, the 
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cores, X, are pulled downward, thus closing the switch. The current 
path through the closing coils is indicated by the arrows in Fig. 388-/. 

When the switch closes, it is automatically locked closed as follows: 
Three steel balls (//, Fig. 389, only two of which are shown) are held in a 
container, D. The spring, J, is under compression and consequently 
pushes downward on the tapered-pin, My which bears against the steel 
balls. The container, Dy and the pin, My are carried by the plate, P, 
As the switch is closed, P, M and I) move downward until the balls slip 
outward under the edge of a fixed recess as shown m Fig. 389-//. When 
the balls slip into this recess, sufficient space is providetl between them 
so that M, actuated by the spring,./, continueh iti- downward moveunent 
to the position shown in Fig. 389-//. When M is in this position, the 
])alls are held, partly und<‘r the edge of the recess and f)artly in the con¬ 
tainer I). Therefore, D cannot riiOV<* upward. And since D is carried 
by the plate, Py the switcli is locked closed. 

As the movement of the pm M is continued downward by the spring, 
./, the lower end of M strikes the top of tb(‘ opening coil core, Ny and 
forces it downward. As N is forc(‘d downward, the contact bar, E, which 
is in circuit with the closing-coils (Fig. 388-/), is moved away from 
the contacts (Figs. 388-// and 389-//). Thus, the closing-coil circuit 
is opened. Also, as N is forced downward, the contact bar, G (Figs. 
388-// and 389-//) closes the opening-coil circuit. Furthermore, this 
downward movement of N comijresses spring 'I\ ''rherefore, when the 
switch is clo.sed, the closing-coil circuit is operand, and the o])ening-coil 
circuit is closed. 

If the pin {M, Fig. 389-//) is noiv pushed upward, the balls, //, will 
slip out of tlie and the mainspring will snap the switch open. 

The pin, My may be })ushe(l upward manually by pulling on the kiiurh‘d 
knob, Q, The juii, M, nui> also be pushed upward and the switch 
opened as follows: By closing the momentary-contact switch (Hy Fig. 
388-//), current will llow^ lus iudj(*at(‘d hy the arrows, through the 
opening coil (O, Fig. 3S9-/7). The magnetic force tJms (‘xerted by O 
raises the opening-coil core, N (Fig. 38tb//j, and pushes M upw^ard. 
The balls, //, are tli(*r('by cliscngag(‘d from the recess and the switch 
opens. When N begins its upw'ard movement, spring V acts to hold the 
contact bar, (7, downward, so that the opening-coil circuit is kept closed 
until the switch is unlocked. When the swutch is unlocked it opens, and 
spring T raises bans E and G to the jiosition shown in Fig. 389-/. Thus 
the opening-coil circuit is opened and the closing-coil circuit is closed so 
that all is in readiness for the next operation of the switch 
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321. Table Showing Currents Required To Operate Type F 
Remote-controlled Switches. (I/arf Mfg. Co.) 


Size of switch 

Control circuits 

Closing coils, 
amp. 

Opening 
coil, amp. 


15 V., D.C. 

6 5 

13 0 


30 V., D.C. 

5 2 i 

7.5 


50 V., D.C. 

3.2 

4.5 

30, 60, and 75 amp. 

125 V., D.C. 

2.2 

4.6 

2-, 3-, or 4-pole 

250 V., D.C. 

1 7 

1 2 


^125 V., A.C. 

2.2 

0.5 


*250 V., A.C. 

1 1 

0 25 


*440 V., A.C. 

0.65 

0 13 


125 V., D.C. 

2 3 

5.0 

100, 150, and 200 

1 250 V., D.C. 

1 25 

2.0 

amp., 2-, 3-, or 4- 

*125V., A.C. 

9.0 

1 5 

pole 

*250 V., A.C. 

3 5 

3 7 


' *440 V., A.C. 

1 

1 8 

1 2 


* 60 cycles. 


Note.—These Switches Will Operate Satisfactorily At Approxi¬ 
mately 15 Per Cent. Above And Below Their Respective Voltage 
Ratings. That is, a switch which is rated at 110 volts will operate 
satisfactorily at 96 or 125 volts. 

322. A Mechanically-held-closed Remote-controlled Switch 
Of The Clapper Type is shown in Figs. 390 and 391. Switches 
of this type are regularly manufactured (Fig. 392) with 
one, two, and three poles. Pressing the “close^' button 
of the momentary-contact switch (Af, Fig. 393) energizes the 
closing coil (A, Fig. 390). The magnetic pull thus exerted 
closes the switch and it is automatically locked. Then, 
by pressing the ^^open^’ button (Af, Fig. 393), the opening coil, 
(5, Fig. 390) Is energized. This releases the lock and the 
switch is opened by gravity. As long as either one of the 
momentary-contact switches (Af, Fig. 393) is held closed, 
current will continue to flow through the coil which is con¬ 
trolled (Sec. 329) by that switch. However, current-flow 
through the coil will cease as soon as the momentary-contact 







Bbc. 3221 


REMOTE-CONTROLLED CIRCUITS 


277 





1 IQ 


iide View Show- H-Front View I HL Section A A** 
mg How Switch May . | 5hOWS How Switch May 

Manually ^ Be Electrically 

Opencot Opened 

390 —Three-pole niechamcally-held-cloeed remote-controlled switch of the 
clapper type (CtUler-Hammer M/g Co) 



Fio 801Illuetrating method of closing and looking of a meohaoioally-held-oloaed 
remote-oontrolled switch, simphfied for purposes of illustration (Cwlisr-Uommsf 
Af/g. Cc ) 
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switch is permitted to open. The operation is explained in 
detail below. 

Explanation —Corresponding parts in Figs 390 and 391 are desig- 
nated by tho same roferenco letters. The switch is shown in the open 
position in Fig 391-/ The contact finger, F, is secured to tho switch 


J V/V/ u ^ . M./'U p/L 



I-Side Viow H-Single-Pole BI-Double-Pol* lZ»Thrt«-Pole 

1 iG 392 DiiHing clmunsionB of single- doubli^-, and ihrte-polf remote-controlled 
8wit<heh (C learante dijnenwons uh shoi^n in side Mcwart the same foi each siMich 
shown in /I III and JV ( utlet’-1 Jammer Mfg Co ) 

frame, iV, by a bolt and the spiial spring, >S. The switch frame rotates 
from the open to the closed jioaitiou, and vice nrsa, about the pivot, F 
When the closing-coil, A, is energi/ed, the magnetic foice moves the 
switch frame, JV, and the contact finger, F, to the position shown in 
Fig 391-7/ At this point of the switch-frime travel, F is stopped by 
striking the contact-block, /i Howevtr, tlu magnetic force of A is still 
acting on the frame N This force cornpresst's the spring, S, and moves 



Fia 393—Remote-controllcd-Hwitch wiring diagrams (CuUcr-fJammer Mfg Co) 


N onward to the left, so that the notch in the latch, E, engages the roller, 
R (P'lg. 390-/), which is cMrried by the frame, N The switch is now 
closed and locked closed The same operation may he manually per¬ 
formed bv pushing to the left (Fig 301) on (he closing handle, K, 

Energizing the opening coil, B (Fig 390-///) exerts a downward pull 
on the 1 itch, E This disengages E from the roller The spnng S now 
expands and moves the frame back to the position shown m Fig. 391-//, 
whereupon the switch is opened by gravity. The switch is manually 
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opened as follows: Pushing to the left (Fig. 390-7) on the openiug handle, 
0, causes the latch, Ey to move downward. Theroaftt'r, the switch is 
opened in the same manner as that explained above for tlu* rl(»ctrical 
operation. 



Fig 391.—Two-pole, mechanioally held-closed romott'-c on trolled switch of the clapper 
type. {Fianh Adam Electric Co ) 


323. The Major Remote-controlled Switch (Figs. 394, 395, 
and 396) is a mechanically-held-closed switch of the clapper 
type. The general construction and operation of this switch 
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is similar to that of the switch of Figs. 390, 391 and 393; the 
differences are enumerated below. C^irrent will flow through 
the opening and closing coils {B and ^4) as long as the con¬ 
trolling momentary-contact switch (ikf, Fig. 396) is held closed. 
Since the coils in this particular switch are designed for 
continuous duty, no damage to them will be caused, even if the 


Openin0 Cor! 


tSfucl 


Opentn^-Coil 

Armature 



l-5»o(e vt«w 



o o 

EFront View 


Fig 395—The Major remolo-controllod »wit< h {rtank idnrn EUrtrn Co) 


current-flow is permitted to continue indefinitely. This 
switch is of very rugged construction. It is therefore well 
suited for theatre service (I)iv. 9) where frequent operation is 
required. The method of operation is explained below. 

Explanation. —Those reference letters which appear in each of Figs. 
394, 395 and 396 arc used to designate corresponding parts. This 
switch is similar in construction to that described in Sec. 322. Each 
contact finger, F, is secured to the switch frame by a bolt and a spiral 
spring Figs. 394 and 395). When the switch is being closed, the 
contact fingers, F, strike the contact blocks, F, before the latch, L, 
engages the roller, R. Then, the continued magnetic force of the closing 
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coil. Af on the closing-coil armature, D, compresses spring and pulls 
the frame onward. As soon as i?, which is carried by the switch frame, 
moves to the position corresponding to that shown in Fig. 306-7, the 
latch, />, is pulled downward by gravity and engages the roller, R. 
Thus, the switch is closed and locked closed. 

Now, by closing the opening-switch of the two-circuit momentary- 
contact switch (My Fig. 306) the openi g coil, B is energized. The 
magnetic force which is thereby exerted on the opening-coil armature, C, 
raises fche latch, 7/, from the roller, i?. The <switch frame being thus 
released, spring S expands. Then, the momentum, which is given 
to the switch frame by the sudden expansion of aS, together with gravity 
causes the switch to open. The switch may be manually clostd by 
]>ushing inward on the closing-coil armature (D, Fig. 394). The switch 
may be manually opened by raising latch L vith the finger. No handles 
are provided. 


Xoniatf bh(kX. 

Opening Coil Opening Coil Armature,^ 
' ’ * _ 

OpenmqX^ jprj 

1 K /j 

' ’ Uojing i)wi1ch 
C losing-CoH 
ArrnatureSi 

I-SwHch C\o$eol 



'-TJko Circuit Momenfarg' 
Contact 5iivihl7 
' I me 



• -load 

H-Switch Open 



Fi(i 30(5— illustrating the operation of the Majoi reinote-i ontrolled switch {Frank 

Adam Electric Co } 


Notk.—The Voltaoe And Current Ratings Op The Major 
Switch are these: This switch, as regularly manufactured, is designed to 
control a load-circuit current of 100 amj). at 250 volts. The slate base is 
ordinarily drilled so that ('ither 100-, 00-, or 30-amp. fuse clips may be 
secured tht’reto. When the sv itch is electrically optTated, the maximum 
valu('s of th(' current which flow through the o]K*niiig and closing coils 
are: (1) Alternating current; 7.7 amp. for closing, and 2.1 amp. for 
opening. (2) Dnect current; 2 amp. for closing, and 0.5 amp. for opening. 
Since the time during which this optTating current flows is so short that 
it may be considered almost instantaneous, only a very small amount of 
energy is required to electrically open and close the switch from a remote 
location. 

324. A Two-pole, Mechanically-held-closed Remote-con¬ 
trolled Switch Of The Clapper Type is shown in Fig. 397. 
The plane of movement of the contact fingers, 7’, is parallel to 
the switch base. There is only one coil, which serves both 
to open and close the switch. No current flows through this 




282 


LiGUriNO CIRCUITS AND SWITCHES 


[Drv.8 


coil except during operation. The method of operation is 
explained below. 

Ext»LANATioN —The two contact fingers {F Fig 397) are connected 
by an insulated plate, Af. This plate is connected to the lower end of 



IIG 397—Two-polt mt(hanuall> held ilostd remote toiiirollcd Hwiteh of th< clapper 
tjpt (Automatic SuitchCo) 

the weight, TF, which oscillates about the pivot, P The magnet core, 
Af is connected through a link to the upper end of W so that >’ihcn A 
IS jerked upw ard by the clc( trornagnet, (\ it passes over the center and 
drops by gravity to the dotted position, thus closing the switch Tlu* 
lower end of W is providul with a movable contactor, N When the 
switch 18 in the open position (Fig 397), N contacts with the stationary 
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contactor S, Now by pressing the '‘on^’ button of the momentary- 
contact switch, the circuit through the electromagnet is completed, the 
core is jerked upward and the switch is closed as explained above. The 
circuit thus formed by pressing the button may be traced as 
follows: Prom Li through C to the pivot of W, through W and the movable 
contactor, TV, to the stationary contactor, Sj and from S through the 
momentary contact switch to the neutral, 7 When the switch is closed 
the movable contactor, TV, as shown by the dotted position, now contacts 
with stationary contactor T, Then by pressing ” button of the 

momentary-contact switch, C will be energized and the switch will be 
operated back to the open position The circi’it formed by pressing 
the button may be readily traced by referring to Fig. 297, 

326. Another Mechanically-held-closed Remote-controlled 
Switch Of The Clapper Type i*? illustiated in Fig 308. When 


Opening CoifTirminat 
Walk ing Confrof Circuit 

beam Wires Ch trig Coil 

Terminals 


Closing Coil 
Contac *or 




Closing Coil 
Core OpcrmgCoi/ 
Core . 

Walking 
beam . 

Poller G 


X- rr o n + View 


Laminoiteol 

^ I Contact brush pL. 

XL Side View 



VPivof 


TSL «»ec*tion 


}}IQ 398—Thrco-pole mpchamcally-held closod roniote-t ontrolUd Bwitch i&undh 
Llntric Co , Bvl 7200 ) 


the switch is closed (Fig. 398-7/), the laminated brushes, B, 
bridge the upper and lower contact blocks, thus completing 
the circuit thiough the switch. When the switch is opened 
the brushes fall outward. The method of operation is 
explained below. 

p]xpnANATiON.-“ In Fig. 398, the laminated brushes, B are secured to 
the arm, A, which is pivoted to the switch frame, F, at P, In opening 
and closing the switch, the arm, d, oscillates about the pivot, P. The 
roller (P, Fig. 398-7/7) is earned by the lower end of the closing-coil 
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core, C. When C is raised by the closing coil or lowered by gravity, 
R rolls up or down along the inner side of the switch frame, F. (The 
contact brushes and a portion of the arm are omitted in III). The 
same pivot which carries B also carries one end of the link, L. The other 
end of L is connected to the arm {A, Fig. 30H-I11) at D. Thus, by raising 


OenefiJtto'- Mumt, 


♦ - ± 



Fig 399 — Wiring diagiam of nie- 
chanically held-closod roniotr controlled 
switch. (The mains are count <tcd to 
terminals marked M ; the oening 
coil to terminal L; the closing coil is 
connected to terminal M. SunUh 
Electric Co , Bui. 7200 ) 


and lowering the closing-coil core, T, 
the arm is caused to oscillate about 
F, thereby closing and opening the 
switch. When the roller, R is pulled 
upward bejmnd the lower center-line 
(Fig. 398-7//), the spring action of 
the brushes, B, acting through the 
arm, A, and the link, L, tends to push 
the core upward still further. Hut the 
core is now at the upper end of its 
travel and can move no further up¬ 
ward. Therefore, the switch is, by 
virtue of R and L being ^‘olT center,” 
locked closed. Wlien the core is 
pushed downward, so that the center 
of R passes below the lower center- 
line, R is free to roll down the side of 
F, and the switch opens. 

In Fig. 398-/7, the switch is in the 
(dosed position. By closing the 
momentary-contact switch (Fig. 399) 
wdiich controls the opening-coil cir¬ 
cuit, the opening coil is energized, 
and the opening-coil core (0, Fig. 
398-///) is raised. When 0 is raised, 
it strikes the pin, E, thus raising the 
right-hand end of the walking beam, 
Wy and forcing down the left-hand 
(*nd of W. When the left-hand end 
of W is lowwed, it strikes pin, F, 
thereby pushing the core, C, down¬ 
ward. This moves R downward, 
and unlocks it and the swutch is 
opened, as explained above. As will 
be apparent from a study of Fig. 399 
wdien the remote-controlled switch 
is open, the opening coil cannot be 


energized Also, as the right-hand end of the walking beam, Wy is 


tilted upward, the roll<»r, G, permits the spring, Sy to push the lower end 


of the closing-coil contactor, IIy to the left. Thus, the upper end of // is 


caused to move to the right and contact with two small pilot contacts on 


Ty thereby closing the closing-coil circuit. 
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When the closing coil is cnergi/ed by closing its momentary-contact 
switch (Fig 399), the core C is raised Ihc switch is closed and locked 
closed as explained above Also, when C is ruse d the left-hand end of 
the walking beam, TT, is, by the pm F, tilted upward Consequently, 
the right-hand end of W tilts downwird Thus as will be apparent 
from the illustration (I^ig 398-///), the roller, G which is earned by W, 


Co / Term nr 



Fia 400—Two pole cltctncallv 1 cld clo'ii 1 renott ccntrolled SHitc) of the clapper 
t\ i»e (Sur If 1 Uctric to) 


1 lusts the upper end of H to move to the kft Hu closing cod circuit 
IS thcicbv optned as soon as the switch is closed 

326. An Electncally-held-closed Clapper Type Of Remote- 
controlled Switch IS illustrated in Fig 400 Switches of this 
type arc soinetiiiics called magnetic snitchesj or magnetic 



Ira 401 — ( ontrol tiicuit diagram for elcttnraily 1 eld rloHt. 1 reimte controlled 

switch 


contactors As indicated in Fig 401, cuirent must, to hold the 
switch closed, flow through the magnet, M dosing switch 
tSI (Pig 401-IJ) energizes M. The arinatuie A is thereby- 
attracted, and the contact fingers, F, are pulled to the closed 
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position (Fig. 401-J). If S is openod, or if the service is 
interrupted, M will become de-energized and the switch will 
be opened by gravity. If the switch is opened by an inter¬ 
ruption in the voltage supply, it will be rcclosed upon resump¬ 
tion of service. 

327, A Two-pole, Electrically-held-closed, Straight-line- 
movement Remote-controlled Switch is shown in Fig. 402. 
Although this switch is specially adapted foi the control of 
motors, it may be used to control lighting circuits. Rcmote- 



Fia 402—Two-pol*, < lectrually-held-tlciaed roniote-controlh d switch The switch 
18 shoi^n in the open position {li/pt 4, ffart ^ff{J Co ) 

controlled switches of this type are so made that they may be 
controlled (Sec. 322) either by momentary-contact switches, 
single-pole switches or three- and four-way switches. When 
this switch (Fig. 402) closes, it is mechanically locked closed. 
However, as explained below, a small current is required to 
prevent it from unlocking and opening. 

Explanation. —By closing the smglo-pole switch (Sj Fig. 403-7), the 
closing coil, A, is energised. This raises the remote-controlled switch, 
Rf to the closed position shown in II, Aa R is being closed, the following 
operations occur almost simultaneously. (1) The switch is locked in the 
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cfo^ position. (2) The holding coU^ J5, is energized. (3) The core of 
B is lifted, thereby disconnecting the closing coil, A, from the circuit As 
long as the proper voltage is maintained between C,and D (Fig. 403-//), 
the current through B will hold the core of B upward in the position 
shown. If the current-flow between C and D is interrupted, either by a 



Fig. 403- Illustrating operation ot b. Hart Atfii Co T//pr remoie-controllecl smtch. 
(The fuses shown herein are ftjr protection of the coils ) 


failure in the power sui)})ly, or by opening S, B will be de-energized, and 
its core will drop. Th<‘ switch mechanism is so designed that when the 
core of B drops, the locking device is tripped, thus permitting R to open. 
If R is opened due to a iiowor-supply failure, it will, provided S remains 
closed, reclosc upon resumption of service (see also Sec. 322). 


328. The Control Circuits Of A Remote-controlled Switch 

are those circuits which carrj’^ the ciirroiit for opening and 

\ rtf \ Control!mg Switches, 



Opening-Coil-Circuit Wires 
Opening Coif _ B ^ _ 




Uoung Coif Clo^ing-Coif-Cfrcuit Wires 

■ Remote-Controlieef Switch 


Fiq 404 —Illustrating tin* rontrul circuit of a rcmoti^-controllcd switch. 


closing it. The control circuits consiwSt of: (1) The opening 
and dosing coils, 0 and C, Fig. 404, which arc mounted on the 
remote-controlled switch. (2) One or more controlling suritches, 
D and E, Fig. 404, which are installed at the control locations. 
(3) The wires, A and B, (Fig. 404) which conned the opening and 
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closing coils to the controlling switch. The control-circuit 
connections and the type of the controlling switches which arc 
used in the control circuit will usually depend upon the type 
of the remote-controlled switch. In general, the mechanically- 
held-closed switches are controlled (Sec. 329) by momentary- 
contact switches, and the eleetrically-held-closed switches 
are controlled (Sec. 322) by single-pole, or three- and four-way 
switches, (^ontrol-circuit diagrams for remote-controlled 
switches of various types are described in the following 
sections. 

Note.—The Size Of The CoNTHoii-cniraiT Wires For A Uemote- 
conTrolled Switch can not b(» smaller than No. 14, U & 8. gage to 
inenre compliance with the Codi:. Ordiiianly No. It is sunicienlly 
large to carry the cuirent. See Table 321 for control currents required 
to operate Hart remote-controlled switches, which arc in general typi(*al 
of the currents requin^d to operate the remote-controlled switches of 
other makes. See Sec. 323 for currents required to operate* the major 
remote-controlled switch. II the control-circuit is exc(*s8ively long, the 
size of the wure used for it must be sufficiently large that the voltage 
drop in it will not exceed about 15 per cent. 

329. Remote-controlled Switches Of The Mechanically- 
held-closed Type Are Generally Controlled By Momentary- 

contact Switches. Two momentary- 
contact switches (D and E, Fig. 404) 
are usually required: One for the open¬ 
ing-coil circuit and one for the closing- 
coil circuit. Therefore, for economy of 
installation, two momentary-contact 
switches which are contained in the 
same porcelain casing (Figs. 79 and 405) 
and which have a common binding-post 
{Py Fig. 404) are ordinarily employed for 
the control of this type of remote-con¬ 
trolled switch. 

Fw. 405-T^o.ciicmt NoTE.—C lECUlT DiAGHAM.S FoR SiNGLE- 
push-button, momenturv- LOCATION CONTROL Of ReMOTK-CONTROLLED 
contact snap switch (Cut- SWITCHES By MeANS Of MoMENTARY-CoNTACT 
ler Hammer Mfu Co ) SwuTCHEs are shown 111 Figs. 388,393,396 and 397. 

330. Multi-location Control May, For Those Remote- 
controlled Switches Which Can Be Operated By A Momen- 
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tary-contact Switch, Be Obtained as shown in Figs. 400 and 
♦07. As indicated in Figs. 388, 393, 390, and 397 the con¬ 
nections for the inomontary-t'ontact swileh will be sonu'what 
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Fio 40(>—Shoeing connections of t^^o-circuit n oim rttar>-coi tact switchos for nmlti- 
location fontrol of reniotf-<ontrolled swit(bc« 


different for the various remote-eontioiled switches. There¬ 
fore, when it is desired to provide more than one control 
location for a momentary-contaet-controll(‘d remote-eon- 
trolled vswitch, first determine 
the correct connections for 
single-location control (Sec. 

329). Then install a two-circiiit 
momentary-contact switch at 
each desired control location. 

(Vmnect the common binding- 
post (P, Fig. 400) of eacli 
momentary-contact switch to 
the same wire, B, Fig 406. 

Tonnect one of the remaining 
binding-posts of each switch to a 
second wire, as and connect 
the other binding-post of each 
switch to the third wire, C. 

331. A Considerable Wire 
Saving May Frequently Be 
Effected In A Remote-control 
Installation By Using A Com¬ 
mon Wire For All Momentary- 
contact Switches as shown in 
Fig. 408. The common control 
wire (Wy Fig. 408) is connected 
to one side of the main and to the center contact (P, Fig. 406) 
of all of the two-circuit momentary contact switches. The 

IP 
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3""^ Floor _ 


Iw Cl ui1 Momentary 
Cerfaef Switches 
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Lir/i ’’ 

hemofe ConlroUed5mtch 
Motor 
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Fig 407 - I or remote control of t> 
vacuum (haiur iivolor controlled on 
each floor b\ momentary-contact 
Bwitchea courier ttd in parallel (//art 
Mfa (o ( atalog / ) 
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other two toniunals of each momentary-contact switch are 
connected, one to one end of the opening coil, 0, and one to 
one end of the closing coil, C. The other ends of each 0 and C 
are connected to the other side of the main. The control cir¬ 
cuit of each remote-controlled switch may be leadily traced 



Hounfeof In 5amt Pome! 5ox 


j. Seym No 14 Control H res ^ 


W" 

C on non 
Wirt For AH 
fc/it 

C/o nj Co! 




Two Lrcu f Mcmtntar j Co tact * 
tchts No^t tcij I i (ju 


Jig 408—Showing how a "airc siving ma> b« bj using a cotunum wire for 

all momentary-contact swilfhcH (See See 337 a'4 to fusing of control eircuit wina ) 


by refeiring to Fig. 408. This method of connections may 
(see note below foi limitations) be used with practically any 
mechanically-hcld-closed remote-controlled switch It is 
especially suitable for those installations wher(*m a number 
of lemote-contlolled switches (Fig 409) are mounted on the 



1 IG 409 —Ilcinotc-(out rol syatiin for tht lights (>,, one floor of a hospital 


same panel board, and where the controlling switches therefor 
are mounted in gang at one control location The mre-savtng 
which will then be effected by this method oi ei the ordinary method 
shown in Fig, 406 == {the number of remote-controlled switches 
— I) X {the average distance between the momentary-contact 
switches and the remote-controlled switches). 
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Note.—Common MoMENTAEY-coirrACT-swiTCH Wibe Mat Not 
Be Desirable For All Remote Controlled Switch Jnstallations. 
Where the momentary-contact switches are not grouped u-t a single 
location but instead are distributed at a number of different kcations 
throughout the building, a common wire should not, usually, bo employed* 
The reason for this is that trouble—^a ground for example—at aiiy point 
on thc' long common wire might throw trouble on all of the momentary- 
contact-swiich circuits. If this occurred, \ xe trouble would probably be 
difficult to locate and correct, because of the great length and the ramifi¬ 
cations of the common wire. Hence, where the momeiitary-contact 
switches are not grouped, the wiring arrangem* nl ‘-hown in Fig 410 
is usually preferable Before installing a system wiied as in Fig 40S, 
it would be advisable to obtain the appro\ il ot the local wuing 


Center last Mv’mg y/cst wlng 1st Ward 


2nd Ward 



Center 
fy/ha 

^ *liri ir nara ^ ^ 

ill' ilLi 1 n Wires Runnjngt To Remote-Confrolfccf 

I» » » ♦ » Mornentary Contact Cmfches Located Jn Main Office 

Fig 410 '-Wiiuig-diaKrani of u r» luoO (oiitroJ v\hiitin hvt rcnioti-fontlolled 

Hwitfhcs aif fiuploycd {Hart Mfu C o , ( atalog I ) 


inspector, while tluTc appears to be no Conn rule which this wiring 
would violate', till re might be some local requiiement with which it would 
conflict 

Example —A Remote-control Sysiem For The Lights On One 
Floor Of A Hospital is shown in I’lg 409 Ihe lights in e^ich of the 
various wings and in each of the wards are controlled by the luonientary- 
contact switches located in the mam oflicc. The wiring diagram as 
indicated m Fig 110, requires, for each remote-controlled switch, three 
control wires extending from the momentary-contact svMtches to the 
remote-controlkd switches By arranging the connections as indicated 
in Fig 40S, four of these control wires may be eliminated. Assume that 
it IS 50 ft from the momentary contact-switches to the remote-controlled 
switches. Then according to the rule stated above, since there are five 
vemoie-QoniToWi^d svf itchesj the wire-saving which wUl be effected (5 — 1) 

X 50 « 200 ft. of No. 14 mre. 
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332. Multi-location Control For Those Remote-con- 
troUed Switches Which Are Operated By Single-pole Switches 

(Figs. 401 and 403) may be obtained by substituting the 



FiQ 411 —Multi-location control of an clcctncally-helfl-clostd remote-controlled switch 
using thret- and four-way snap Bwitches {/fart M/g Co , Tyin 4 ) 

required number of three- and four-way switches (Fig. 411) 
for the single-pole switch of Fig 403. 



Fig 412—Special momcutarv-contaot switch us<d to operate an electnt ally-licld- 
closed renioto-( ontrolled switch {Flart Mfg Co , Type A ) 

Note.—The Electrically-held-closed Switch Shown In Fig. 
403 May Be Controlled By A Momentary-contact Switch by mak¬ 
ing the connections as shown in Fig. 412. A special two-circuit 
momentary-contact switch (Hart Mfg. Co., List No. 093) is required. 
This switch has one side, O (Fig. 412) normally closed, and one side, 
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C, normally open. With the remote-controlled switch, R^ in the open 
position, closing switch C closes R, When R closes, it locks and dis¬ 
connects the closing coil as explained in Sec. 327. The control circuit 
through the holding coil is then made through tOe momentary-Ci)ntact 
switch, O, If O is opened the holding coil is de-energized and switch 
R opens. If R opens because of a power-supply failure, it will not reclose 
upon resumption of service until switch C s operated. 

333. Two Or More Remote-controlled Switches May Be 
Operated By One Two-circuit Momentary-contact Switch 

by arranging the control-circuit oonnection.s as indicated in 
Fig. 413. If the switches A and 
B arc closed, operation of switch 
N will simultaneously opeii A and 
B, If A and B arc open, opf'ra- 
tion of M will simultaneously 
close both A and B, Additional 
remote-controlled switches may, 
by connecting their opening and 
closing coils to wires Zl, E and F 
in the manner indicated in Fig 

. ^ , nil rnu Fia. 413-Circuit diagram for con- 

41d, be controlled by MJ\. Ine tiollinKtwuremote-coiitrolIedBwitchcB 
maximum number of switches two-circmt momentury-oon- 

which may be so controlled will ®^*^®*^* 
be governed by the safe current-carrying capacity or by the safe 
current-breaking capficity of MN. That is, the product of 
the number of remote-controlled switches by the current- 
value in amperes which is required to close one switch should 
not exceed the safe current-carrying or the* safe current-break¬ 
ing capacity of MN (see examples below;. 

Example. —Assume that a current of 5 amp. is required to close 
one remote-controlled switch, and that the closing-current of each switch 
is interrupted (Secs. 320 and 325) by the remote-controlled switch 
mechanism. Then if five remote-controlled switches are to be operated 
by one momentary-contact switch (MNf Fig, 413) the rated current- 
carrying capacity of MN should he at least: 5 X 5 = 25 amp, 

AMPLE. —Assume that the remote-controlled switches are of a type 
(Secs. 322 and 323) wherein the operating current is broken by the 
momentary-contact switch. Then the maximum number of roinote- 
oontrolled switches which should be controlled by one momentary-contact 
switch will be governed by the maximum current which can be safely 
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broken by the momentary-contact switch without causing excessive 
damage to its contacts. That is, assume that a controlling switch has a 
continuous-duty rating of, say, 60 amp.; but with frequent operation, 
45 amp. is the maximum current which this switch will interrupt without 
causing serious damage to its contacts. Then, if the minimum current 
required to close each remote-controlled switch is 7 amp., not more than 
(45 -I- 7 = 6.4) six remote-controlled switches should be connected to 
one of these momentary-contact switches. 


334. Manual Double-throw-Switch Operation Of Two 
Mechanically-held-closed, Remote-controlled Switches May 
Be Provided as shown in Fig. 414. Remote restricted control 
(Sec. 15) of lamp-groups C and D is thereby provided, as 
explained below, by the two-circuit momentary-contact 
switch, MN. 


‘-Lamps- K 
-^-■Bramhts— — 0 - 



\Tm-Circutt Monfentary-Contact Switch j 
' 'Remote-Controlled 5w}tch- - - 


Fig. 414.—Circuit diagram for two Tnechanirally-liold-closed, remote-controlled 
Bwitches connected for manual double-throw switch operation. 


ExplanAT iOhT. —If both switches A and B are open, operating switch 
N will close B\ or operating switch M will close A, If both switches 
A and B are closed, operating N will open A ; or operating M will open B, 
If A is closed and B is open, operating N will open A and close 7?. If B 
is closed and A is open, 0 ])erating JM w'ill open B and close A. Switches 
A and B cannot be simultaneously opened or simultaneously closed by 
MN, Therefore, if it is desired that both lamp-groups, C and i>, be 
either lighted or extinguished at the same time, one of the switches, A or 
B, must be manually opened or closed. 

335. Automatic Double-throw-switch Operation Of Two 
Mechanically-held-closed, Remote-controlled Switches May 
Be Provided By A Relay as shown in Figs. 415 and 416. The 
relay so operates that if the regular service fails the load cir¬ 
cuit will be automatically connected to the emergemy service. 
Then, if the power-supply of the regular service is re-estab- 
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lished, the load circuit will be automatically reconnected 
thereto. Such an arrangement is sometimes used in theatres 
(Sec. 391) in connection with the emergency lights.. The 
regular service (Figs. 415 and 416) is connected to a main or 
feeder of a public lighting company. The emergency service 
may be connected to cither a stora^^' battery, a continuously- 
operating isolated plant, another main belonging to the same 
lighting company, or to a main belonging to a different lighting 



Fro. '415 — Two reniotc-coritrollpd switches so operated by a relay that if the regular 
service tails, the load will be automatically transferred to the emergency service. {Type 
F, Hart Mfj Co.) 

company. As explained below, control of switches Si and S 2 
(Fig. 415) from a distant location is not provided. By con¬ 
necting a doublo-i)olo snap-switch (D, Fig. 417) into the control 
circuit of Fig. 415, remote control of switches Si and S 2 is 
provided as explained below. 

Explanation. —The operation of the remote-controlled switches 
of Figs. 415 and 416 is explained in Secs. 320 and 324, an understanding 
of which, will facilitate the tracing out of the circuits of Figs. 415 and 
416. As long as the voltage-supply of the regular service (Fig. 415) is 
maintained, current flows from C to D through the coil of the relay, R, 
and R is held in the position shown in full lines. If the voltage supply 
of the regular service is interrupted, the current through the coil of R is 
discontinued, and the contactor of R drops to the position indicated by 
the dotted lines. This closes the control circuits (see Sec. 320) of Si and 
Si thereby opening Si and closing Si. These control circuits are fed 
from the emergency-service circuit at A and B. Then, when the voltage 
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of the regular service is re-estabJished, R is again raised to the position 
indicated by the full lines. Thus is opened and is closed. 

In Fig. 417, connections are shown for controlling and ^2 from a 
remote location, D By closing the double-pole switch (D, Fig. 417), 
the lamps will, even though both the emergency and regular services are 
o perative, be lighted from the regular service. If the regular service is 
inoperative, closing switch D will close S 2 , and the current which is 



Fig. 416. —Double-pole, double-throw switch which is so operated by a relay that 
if the regular service fails the load will be automatically transferred to the emergency 
service. (Aulomatic Switch Vo.) 

required for lighting the lamps will be supplied by the emergency service. 
Opening D will, if current is being supplied to the lamps from the regular 
service, extinguish them. But if D is opened while the current for light¬ 
ing the lamps is being supplied by the emergency service, the lamps will 
not be extinguished. As long as i> is closed, the operation of the switches 
Si and S 2 will be identical to that explained above in connection with 
Fig. 416. 
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Note.*-Two Type F Switches As Akranged For Auiomatic 
Double-throw Or Throw-over Operation by the Hart Mfg Co are 



J to 417— Vvti^Diamovi H 1 ype 1 svitchcs with reld> (,outr>I for autoiu itio 
tranafcr from nguUr scrvHP to enicrgenoy atrMPt which ha^ a douhk pole switd 
I) HO conntctoci into the control circuit that control of the switihcs Si uid Sj from i 
remote location ib obtlined thereby (Remoti-eontrolled switches irc Jype F Hart 
MJy Co) 



Mfg Co) 

shown m Fig 418 The circuit diagram for the huiue urrangeinenl is 
shown in Fig 419 The oper ition iR identical to that expl lined above in 
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connection with Pig. 416. The contacts AA and BB (Figs 418 and 419) 
are mounted at the sides of the switch frames. These contacts are only 
in circuit when the switch upon which they are mounted is open. Their 
purpose IS to preclude the possibility of one switch closing before the 
other has opened. Their method of operation to prevent this may be 
understood from a study of Fig 419 All wiring indicated by the light 
lines (Fig 419) is provided and connected by the manufacturer, and is 
contained within the metal sub-base, E, Fig 418 



1x0 419—-Circuit diagram of Diamond **1I * autoiuitio throw over switch, showing 
condition of circuits when the load is rciuving current from the regular service 


336. Some Of The Various Methods And Devices Which 
May Be Used To Control A Remote-controlled Switch are 

suggested m Fig. 420 The load circuit which is served may 
be either a motoi, M, or lamps, L. The eneigy for the contiol 
or operating circuit may be supplied either by. (1) The hue, A, 
which serves the load, (2) Storage batterB, (3) Gentraior or 
exciter^ C. The operating circuit may be controlled by* 

(1) One or more two-circuit momentary-contact switches, S, 

(2) No-voltage release, V, (3) Overload release, 0, (4) Thermo¬ 

static regulator, T, (5) Time switch, D, (6) Pressure regula¬ 
tor, P, (7) Float- or tank-switch, F, When a device other 
than a momentary-contact switch is to be used to control a 
I ernot e-eon trolled switch, the i emote-controlled switch should 
l)e held closed mechanically, and should be of a type (Sees. 
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320 and 325) wherein the control current is interrupted by 
the remotc-controlled-switch mechanism. 


Generator Or 
Cxdfer 



Fiq 4i0—Showing general fcatuics and \ariou8 mcthode and types of control which 
ma> be applied to remote-controlled switches {Hart Mfg to ) 


337. The Control Circuit Of A Remote-controlled Switch 
Should Be Protected By Fuses. To comply strictly with the 
Cool rcquiicimnts (See. 169), the contiol wires (Fig 421) 
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should be fused at both A and B. However, remote-controlled 
switches for three-wire single-phase lighting service which 
embody a construction similar to that indicated in Fig. 422 
require only one fuse in the control circuit. That is, the wire 
{Wj Fig. 422) from the terminal which is connected to the ends 
of both coils, is connected to the permanently-grounded 



Fig 421 -—Showing method of fusing 
the control circuit of a remote-controlled 
switch to oompl> stnctlv with Code re- 
cjuirementfe 


Momentary 
Contact Switch 
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Connection Common To Both CqiIs 


Fig 122 — Showing a method of 
fusing the control tiriuit of a rcmotc- 
controlUd switdi whuh may be pei 
niissiblc for a three-wire smgle-phasc 
circuit 
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neutral. This wire and the high-resistance coils arc com¬ 
pletely enclosed, and are mounted on the slate base of the 
switch. Wire C is protected against grounds by fuse A. If 
wires D or E become grounded, no curient could flow except 
when the inornontary-contact switch was closed, and they 
(wires D and E) would then be protected by fuse A . The only 

possibility which would pcimit 
the continued flow of a heavy 
short-circuit current would be 
for one of the outside wires, 
Li or 7^2, to accidentally con¬ 
tact with wire W or with some 
part of the coil winding. The 
probability that this would ever 
happen is exceedingly remote. 
And if it should occur, the 
small wires which carry the short circuit current are enclosed 
and are mounted on a slate base. Consequently, only the 
switch would be injunvl, and no fire hazard would be incurred. 
The local wiring-inspection bureau should be consulted con¬ 
cerning its rules for the fusing of control circuits prior to 


^ RemoteControlled Switch 


Load 


Fig 423 Showing proper method 
of fusing the control circuit of a remote- 
controlled fewitoh for a three-wire three- 
phase circuit 
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their installation. Local rules might require a fuse at X and 
y in Fig. 422, 

Note.—The Control Circuit Of A Eemote-controllbd Switch 
Which Is To Be Used For Controlling A Three-wire Three-phase 
Circuit Should Be Provided With At Least Two Fcjses as indicated 
in Fig. 423. If fuse B is omitted, a gro und on 7) or E migiit permit a 
current-flow which would be sufficiently large to incur a fire hazard. If 
the wiring MN (Fig. 423) is wholly within ile‘ switch, some inspection 
bureaus may require a fuse at X and one at V. 

338. A Remote-controlled Switch Should Be Protected By 
Fuses in the same manner as is a manually-operated knife- 
switch, That is, the first fuse back of the switch toward the 
source of energy should have a rating not greater than the 
rated current-carrying capacity of the switch. Sec Div. 3 
for Code requirements relating to fuses and cut-outs. 

339. The Comparative Annual Costs Of The Two Systems 
Under The Given Conditions Should Determine Whether A 
Remote-control Or A Direct-control Lighting System Should 
Be Used. In general, the elements which determine these 
factors are: (1) The relative locations of the service entrance, 
the load center of the lamps, and the control locations. (2) The 
nufnber of branch circuits which way he conhvUed from one 
location. (3) The nupiher of control locations which is wanted. 
These elements are discussed in subsequent sections. 

Note.—The Annual Cost Op Either A Direct- Or A Remote- 
control System will be the sum of the fixed costs per year and the 
operating costs per year. The fixed costs per year iucJude: (1) Insurance. 
(2) Taxes. (3) Interest. (4) DepredaHon. 'fhe operating costs per 
year include: (1) Maintenance. (2) Attendance. (3) Energy loss. 
The costs of maintenance and attendance will usually be about equal for 
either a direct- or a remote-control system. The annual fixed costs will 
be determined by the first cost, which will in turn be determined by the 
allowable energy-loss cost. For example, assume that with a remote- 
control system, the first cost is higher than it is with a direct-control 
system. But with the direct-control system, the annual energy-loss cost 
is higher than it is with a remote-control system. Now, additional copper 
may be purchased for the dinjct-control until the annual energy-loss costs 
of the two systems will be equal. However, this would increase the first 
cost of the direct-control system, which would correspondingly increase 
the annual fixed cost of that system. Therefore, the minimum total 
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annual cost of each of the two systems should be determined. Then, by 
comparison of the minimum costs of each, the system which incurs the 
least annual cost should be selected. (See explanation and examples of 
the application of Kelvin's law in the author's American Electricians' 
Handbook. See also following example.) 

Example. —current of 30 amp. is required for lighting the room of 
Fig. 424. The energy is supplied by a 110/220-volt, grounded-neutral, 
three-wire, single-phase system. The service entrance is located at E, 
the control location must be at C, and the distribution panel is located in 
the center of the room at P. The dimensions are as shown in the illustra¬ 
tion. Which would provide the more economical installation, a direct 
control or a remote control lighting system? All wiring is to be installed 
in conduit. 



Fig. 424. —IlluHttutiiif; method of determiiung the minimum total tiunuul cohtB of a 
direct-control and a remote-control hgkting system. 


Solution. —In the solution of such a problem certain values must be 
known or assumed, such as energy, labor, wire, conduit and switch costs. 
The solution which is presented below (scheduled in Table 340) and the 
values which are therein assumed are only intended to illustrate a method 
which may be followed in determining the most economical system. 
It is not intended to prove or disprove either syst(‘m. Also, the assumed 
values must not be taken as applying to any particular installation. 

The general method of solution is to determine by computation which 
system is the least expensive—^whieh has the least annual cost. Due to 
the fact that the total annual cost of either system varies for different 
conductor sizes, it is necessary to figure, for each of the two systems, 
this cost for several sizes of wire—all as shown in Table 340 and explained 
further on. As indicated in Column 4, Table 340, $47.68 is the minimum 
total annual cost which will be incurred by a direct-control system; this 
minimum annual cost results from the use of a No. 1 wire. As indicated 
in column 12, $27.64 is the minimum total annual cost which will be 
incurred by a remote-control system. Since the remote-control system 
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involves the smaller annual cost ol the two systems, it would bo the mote 
economical and hence should be selected. The method of dtstermining 
these annual costs is outlined below. 

The two propositions to ])e considered are (1) The direcfrcontrol system. 
(2) The remote-control system. If a direct-control system is used, three 
feeder wires and conduit for same must be run (Fig. 424) from E to 
C, and from C to P, There will also be re ^uired at the control location, C, 
an externally-operated, steel-box-enclosed, three-pole, non-fused, 30-amp. 
knife-switch. If a remote-control system is used, lh<‘ following material 
will be required: Three feeder wires and conduit for same from E to P, 
One three-pole 30-amp. remote-controlled switch at E. Three No. 14. 
control wires and conduit for same from E to C and one two-* ircuit 
momentary-contact switch at C. The method of determining the mini¬ 
mum total annual cost of each system lor a ctTtain wire size will now be 
given. 

The (issumptions which must he made for cither the direct- or the remote- 
control system arc as follows: Assume that the maximum allowable volt¬ 
age drop between E and P (Fig. 424) is 2 per cent. Then, the maximum 
voltage drop between E and P « 220 X 0.02 = 4.4 voJUi. By For. (35), 
p. 160, 2d Edition, Amkhioan Elkotkicians' Hanobook, dr, mils = 22 
X I X L r, wherein: Circular mils is area of the conductor in circular 
mils. I = current in amperes. L — length, in feet, one way or single 
distance of th(‘ circuit. V = drop, in volts in the circuit. For a direcl;- 
control system (Fig. 434), L ^ EC 4- CP ~ 200 -f 110 = 310 ft, 
I — SO amp., and by solution above, V = 4.4 volts. Therefore, the 
minimum area of the wire in circular mils which will carry 30 amp, a 
distance of 310 ft. with a voltage drop of 4.4 volts = 22 X 30 X 310 -r 
4.4 = 46,500 cir. mils. According to Table 370, the minimum size wire 
corresponding to 46,500 cir. mils, which will give a pressure drop not 
exceeding 4,4 volts will be a No. 3 B. & S. gage. Any wire larger Ilian No. 
3 may from an electrical standpoint, be used; the problem is to determine 
what size wire is most economical. According to the Code (Tabic 170) 
a No. 8 wire could be used to carry the 30-amp. current. Howev(‘r, this 
would entail an excessive voltage drop. 

To illustrate the Tuethod of determining the total annual cost of a direct- 
control system for any given wire size, the following is worked out for a 
No. 2, B. & S. gage, wire. Assume that the knife switch located at C 
costs $15.00. Three wires from E to C to P (Fig. 424) would require: 
3 X 310 OSOft. of wire. At $101.00 per thousand feet of No. 2 wire, 
930 ft. would cost 101 X 930 1,000 == $94.00. Three No. 2 wires 

require (Table 176) a iM-in. conduit. According to Table 173, p. 546, 
American Electricians’ Handbook, 100 ft. of Ij^-in. conduit costs 
$27.50. Therefore, 310 ft. costs: 310 X 27.50 4- 100 « $85.00. Accord¬ 
ing to Fig. 261, p. 639, and Table 356, p. 344 of the American Electri¬ 
cians’ Handbook, the cost of roughing in and of pulling three No. 2 wires 
in 310 ft. of l}^-in, conduit is about $59.00. Therefore, the total first cost 
of a direct-control system (Fig. 424) — 15 + 94 +85 + 59 = $253.00* 
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Assuming that the interest rate is 5 per cent.; depreciation, 4 per cent.; 
taxes and insurance, 1 per cent.; 5 -f 4 + 1 =? lO, or the annual fixed 
charges ~ 10 per cent, of $253 *= 0.10 X 253 =» $25.30 (see entries in 
Table 340), 

The energy-loss cost is computed as follows: The power-loss in any 
conductor is: P = PRj wherein: P == power-loss in watts. / == current 
in amperes. R - resistance of conductor in ohms. For this direct- 
control installation (Fig. 424), / = 30 amp. and since it is assumed that 
the grounded neutral carries no current, there will be (2 X 310) G20 ft. of 
No. 2 wire which has a resistance of 0.16 ohms per 1,000 ft. Con¬ 
sequently R = 620 X 0.16 -4- 1,000 = 0.099 ohms. Then, P = 30 X 
30 X 0.099 « 89.2 watts which is the power-loss in the conductors. 
Assuming that the lamps are lighted 10 hr. per day for 300 days per year, 
the total number of hours per year which the lamps are lighted = 300 X 
10 =* 3,000 hr. Hence, the annual energy loss in kilowatt-hours =* 
3,000 X 89.2 “f- 1,000 ~ 268 kw.-hr. Assuming that the energy costs 
8 cts. per kw.-hr., the annual energy-loss cost = 268 X 0.08 == $21.44, 
which value is accordingly entered in Table 340 as shown. 

Assume that the cost of maintenance and attendance is $3.00 per year. 

Then the total annual cost of a direct-control system ichen using No. 2 
wire (Column 3, Table 340) - 25.30 + 21.44 + 3.00 - $49.74. The 
values for the other wire sizes for a direct-control system in Table 340 
are computed in a similar manner. 

The method of determining the total annual cost of a remote-control system 
(Fig. 424) for any given wire size is illustrated by the following: The 
same formulas and tabh»s are used and the same general assumptions 
are made as above. The minimum area of the wire in circular mils which 
will carry 30 amp. a distance of 110 p. unth a voltage drop of 4.4 volts = 
22 X / X L -r F = 22 X 30 X 110 ^ 4.4 = 16,500 cir. mils, or a No. 8 
is the smallest size wire which can be used. 

The followings example for a No. 8 wire {Column 9, Table 340) illustrates 
the method to bo used in determining the total annual cost for any wire size 
for a remote control system. Assume that the remote-controlled switch 
and the momentary-contact switch cost $52.00. Then (3 X 110) 3S0JL 
of No. 8 unre from E to P at $17.00 per thousand feet costs: 17 X 330 
1,000 = about $6.00. And, (3 X 200) 600 of No. 14 udrefrom E to C 
at %7.Q0 per thousand feet costs: 7 X 600 -t- 1,000 = about Hence, 

the wire cost — 6 + 4 = $10.00. The three No. 8 unres require 110 ft. of 
1-in, conduit, which at $17.00 per hundred feet costs: 17 X 110 -r 100 = 
about $19.00. The three No. 14 unres require 200 ft of J^-in. conduit, 
which at $8.50 per hundred feet cost: 8.50 X 200 100 = $17.00. Hence, 

the conduit cost is: 19 + 17 = $36.00. The installation of the conduit 
will cost about $34.00. Therefore, the total first cost of a remote-control 
system using No. 8 feeder wires = 52 + 10 + 36 + 34 == $132.00, as is 
entered in Table 340. Whereupon, the annual fixed charges « 132 X 
0.10 * $13.20. The energy-loss cost = 3,000 X P X R X 0.08 -5- 1,000 
~ 3,000 X 30 X 30 X 0.14 X 0.08 » about $30.40. Assume that the 
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cost of maintenance and attendance is $3.00 per year. Then, the total 
annual cod of a remote-control syetem (Fig. 424) when using No, 8 wire is: 
13.20 + 30.40 + 3.00 « $46.60. 

To determine which is the most economical system, first select the size of the 
wire for the direct-control system which involves the least annunl cost 
for that system; this, in this example, see Table 340, is No. 1 wire, total 
annual cost $47.68. Then, select the size of the wire for the rcmt)te-control 
system which involves the Iciist annual cost for that system; this, in 
this example, see Table 340, is No. 00 wire, total annual cost $27.01. 
Then that system of the two selected as above which involves the 
smaller total annual cost should be used; obvious-;y, in this example, the 
remote-control system using No. 00 wire with a total annual cost of 
$27.64 is the most economical. 


20 




Total annual cost m doUars 
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341. Where The Load Center, The Service Entrance And 
The Control Location Must Be Separated By A Considerable 
Distance, A Wire-saving May Be Effected By The Use Of 
Remote-controlled Switches as shown in Figs. 425 and 426. 
The control location, A, the service entrance, B, and the 
load center, C, have the same reh Live locations in Figs. 425 



Fia. 425.—Direct control system. 


and 426. It is assumed that A and B must be at the locations 
shown. In Fig. 425, the control, A, of each of the 660-watt 
branches of the load-circuit is provided by a single-pole 
switch. Therefore, the distribution panel, P, is located as near 
to A as is feasible. Then, three large wires (each of which 
should, for this installation, be about No. 4, B. & S. gage) 



Fia. 426.—Remote-control system. 


would be required between P and B. By using a remote- 
controlled switch to control the three branch circuits, as in 
Fig. 426, three No. 14 wires will be required between A and B. 
Therefore, if the distance from the control location A to the 
service entrance B is, say, 150 ft., the wire-saving which will be 
effected by the remote-control system over the direct-control 
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system will be the difference between 450 ft. of No. 4 wire and 
450 ft. of No. 14 wire, which is about 50 lb. of copper. 

Note.—If It Was Desibed To Abranqb The Contboii Of Fig. 426 
So That Each Branch Could Be Lighted Ob Extinguished Sepa¬ 
rately, then three remote-controlled switches would be required at B, 
three two-circuit momentary-contact switches would be required at 4, and 
seven (see Fig. 408) No. 14 control wires would be required between A 
and B, if a common-return was used. If a common-return wire was not 
used, then nine control wires would be required between A and B. 
In such cases the remote-control system might not be justified. 

342. A Remote-control System May Be Used For Those 
Installations Where It Is Desired That The Lamps On A 
Large Number Of 660-watt Branch Circuits Be Simultane- 




Fio 427—Ilemote-oontrol installation for eontrolbiig all circuits on one floor 
(This IB cspeciallv applicable where the service entrance, E, and the riser, R, are at one 
end of the building and whore it is desired that the control location, S, be near the eleva¬ 
tor shaft or stairway at the other end of the building ) 

ously Lighted And Extinguished (Fig. 427). This system is 
especially desirable where the control location, Sj which is 
provided by the momentary-contact switch is at a great dis¬ 
tance (Fig. 427) from the distribution panel (Fig. 428). Even 
if the control-location (S, Fig. 427) was near the distributing 
panel, P, a remote-control system might be preferable to a 
knife-switch direct-control system because of the following 
reasons: If a knife switch which carries a large current is 
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frequently operated by inexperienced persons, severe arcs 
may be drawn which will damage the switch and may, if the 
switch is not of the externally-operated type (Fig. 140), injure 
the operator. 



Fxo, 428.—A threo-wire to two-wire distribution panel eontrollcd b\ a remot**- 00 nti oiled 
»witch {Hart Mfg to) 


343, A Remote-control System Will Frequently Provide An 
Economical Installation For Multi-location Control Of A 
Large Number Of Lamps. The distribution panel may be 
located in the most desirable place with reference to availal)le- 
space and load center considerations. The control locations 
are provided by two-circuit moiuentary-(*ontact switches 
which arc wired according to Fig. 406 or Fig. 408. 

Example. —In Fig. 429, the distribution panel, Z), for the avditonum 
lights and for the stage lights of a small moving-jncture theatre is located 
on the stage. Four momentary-contact switches are used to control the 
lights: Two for the stage lights and two for the auditorium lights. One 
of the switches, W, for controlling the stage lights and one, A, for con¬ 
trolling the auditorium lights are located in the lobby. The other two 
switches, Y and Z, are located in the picture-machine booth. Hence, 
both the stage and auditorium lights may bo controlled from either 
the picture-machine booth, or from the lobby in the front of the house 
(see also Div. 9). 
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Examplb. —In Fig. 430, the lamps of a laige ceiling fixture, such as 
that frequently used in churches, are controlled by a remote-controlled 
switch. Where sufficient space is available to provide access thereto, the 



Fig. 429.—Remote-control system for controlling the stage and auditorium lights of a 
small moving picture liouse 


remote-controlled-switch distribution panel may bo installed between the 
ceiling and the roof in close proximity to the dome fixture. As many 
control locations as desired may be provided by momentary-contact 

Feeders From Mam Pistnbufion 
/' Pane! At Service Entrance 



Fig. 430.—Remote-controlled switch, installed between ceiling and roof, to control 
lamps in a large dome fixture. 


switches connected as shown in either Fig. 406 or 408. This method 
tends to decrease the cost of wiring because it shortens the branch circuits. 
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344. Electrically-held-closed, Single-pole^ Remote-con¬ 
trolled Switches May Be Used To Control Lamps In Moving- 
picture Studios. {Electrical tioxith^ July 1921; p, 24.) Each 
of the remote-controlled switches (i2, Fig. 431) which are 
located overhead, control an arc-lamp circuit. The single-pole 
switches, and M, and the three- .ay swit(‘h(‘s, 1\ aie mountod 
on a portable base and connected shown in P'ig 461. 
Mounting the remote-controlled switches o^er]lead prevents 
the heavy cables fro i being sr^'toua d)out the floor. A 
constant source of danger to ^he studio workmen is Miereby 
removed. As explained belou, the portalde switch-box, B, 

“i) Arc Inrrff ''ireutfs Rtmoft Confr feef 



IIG 4'U —Showing how a if motf-control svstfiu miiv he adapted to tin control of arc 
lunip't in a. moving pictiin studio 

may be placed beside the earnera-man or diioetor, so that he 
may, at all times, have absolute control of the lights on the 
scene. 

Explanation. —The usual practice of controlling the lights for a scene 
was to station a man at the studio s\Mtchboard, who, upon a given signal, 
closed the switches to the lamp circuits to be lighted. These signals 
frequenlly miscarried so that when the actor entered the room and 
apparently operated a wall switch, the room did not light. Then the 
scene had to be retaken. With the remote-control system this error will 
not occur. 

Assume that a certain scene opens with a “dark room effect. Suffi¬ 
cient light for this effect is provided by the arc lamps which are controlled 
by Ri (Fig. 431). The director sets switches S% and (Fig. 431) m the 
positions shown. This closes Bi and lights the proper lamps. A little 
later the actor is to enter the darkened room and grope about until he 
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locates the wall switch which is supposed to control the electrolier fixture 
of the room. The director sets Si, Ti, St, Tz, Sz and Tz in the positions 
shown. As the actor finds the wall switch in the darkened room, the 
director closes the master switch M, This simultaneously closes the 
remote-controlled switches, J?i, Rzt and Rz* The illusion of the actor 
lighting the room is maintained as follows: Rt controls a baby arc which 
is concealed in the lamp sockets of the room chandelier. i ?2 controls 
several flood lights which illminate the entire room. 7?6 controls a number 
of spot lights which bring out the features and expression of the actor. 
Since Sa and Sz are loft open, the lamps which are controlled by Ra and 
Rz are not lighted. 

346. The Master Switch For Controlling A Master Circuit 
In A Residence Or Other Building May Be A Remote-^con- 
trolled Switch (Fig, 432). The same general rules as outlined 



Fio. 432 —A romoto-controUed switch used to control the master circuit in a small 


residence. 


in Div. 6 in regard to the interconnection of branches and 
the number of poles required for the master switch must be 
observed. As explained below, such use of a remote-controlled 
switch will not ordinarily be justified in medium- and small- 
sized residences. However, In large buildings which have 
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several branch circuits, the installation of a remote-controlled 
master switch may (Sec. 346) be advisable. 

Explanation. —Number 14 wire will ordinarily be large enough for the 
branch circuits and for the master wires in small- and medium-sized resi¬ 
dences. Also, No. 14 wires are required for the control of a remote-control¬ 
led switch. Therefore, for such installa' jns, the use of a remote-controlled 
switch does not generalh clTect a wire-saving. In Fig 432, assume 
that the remote-controlled switch, R and tl momentary-contact switch 
M and the control-circoii wires, 4 , B, atid are removed Contiol 
of the master circuit ir y then be pi widul hj follows: (1) Install a 
single-pole snap-sintch at (2) f oatiect M into the circuit vUh No. 14 
wires as ^ndtcaied by the dotf^d lint at W. Thus, by using a direct- 
control system (Div 6) for the m t - cir^ uit instead of a remote-control 
system, a considerable savj g is effected 

346. A Remote-controlled Master Switch For Master 
Circuits Of Large Residences Or Other Buildings is shown in 
Fig. 433. Switches of this typo are made with from 8 



Fio 433.—Remote-controlled, multi-circuit switch for the control of a master circuit. 

(Hart Mfg Co ) 

to 20 poles. The wiring diagram of an 18-pole switch 
used to master 18 branch circuits is shown in lig. 434. As 
explained in Sec. 291 in connection with Fig. 337, single-loca¬ 
tion control of the lamp-groups may, if there is only one lamp- 
group on each branch circuit, be provided by single-pole 
switches. The use of sucli a remote-controlled master switch 
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may effect a large saving over direct-controlled master switches 
in those installations where several branch circuits are to be 



Fia 434 —Wiring diagram of a multi-pol© remote-controlled m'ister switch (Since 
each branch circuit has connected to it only one lamp-group, a single-pole switch may 
bo used for single-location control of each lami>-group ) 


mastered and wlioic seveial inabter-switch-eoutrol locations 
are desired. 



Fig 435 —(^ircuit diagram of a combined remote- and direct-control system for a master 
circuit arranged to operate m conjunction with a fire-alarm system 


Note. —A Ciecuit Diagram Of A Combined Direct- And Remote- 
control System For The Masier Circuits Of A Large Building is 
shown in Fig. 436. One pole of the double-pole master switch, Af, 
provides direct-control of a master circuit By arranging this master 
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circuit as explained in Sec. 291, several lamps may be directly mastered 
thereby. The other pole of M controls the circuit of the 120-volt relay, 
R, Closing R causes the electrically-held-closed remo to-controlled 
switch, Sy to close, thus lighting the three-location-controlled hall-and- 
stairway lamps, L, If the residence is a three-story building, and has a 
three-location-controlled lamp-group for each floor, a three-pole, electric- 
ally-heId-closed switch may bo used at and each pole connected to each 
lamp-group. The building may also be provided wiih a//re alarpt which 
is so arranged that sounding the Are alarm (cig. 4H5) will light the hall- 
and-stairwny lamps of each floor. If any ^ing^-pole switch, Fy is closed 
to ring the fire-alarm heV relay, K. Ilien opi^ratt s and closes the control 
circuit of Sy and all of the hall lamp*- are lighted. 

347. Table Showing List Pii'e And Standard Ratings Of 
One T 3 T)e Of Sundh ilemote-controlled Switches {Bulletin 
7,200, p. 2, Sundh Electrtc Co.). In January, 1922, a maximum 
discount of 33} ^ per c(*nt. apj lied to the following quotations: 


Volts 115-230 Direct ('urreiit or 110-220-440 A.C. 00 cles or let 


Ampere 

1 Pole 

2 PoI(‘ 

' 3 Pole 

I 

j 4 Pole 

30 

1 

... 1 

1 . ... 

$ 35 00 

$ 40.00 1 

S 54.00 

60 

1 1 

45 00 

50 00 1 

81 00 

100 


; 75 00 1 

90 00 

162.00 

200 


112 00 i 

131 00 1 

225.00 

300 

$135 00 

144 00 1 

162 00 1 

288.00 

400 

153 00 

166 00 

1 216 00 

333.00 

500 

1 194 (X) 

207 00 

261 00 

423.00 

600 

212 CK' 

243.00 

306 00 


SOO 

24« 00 1 

275 00 

1 350 00 


J ,000 
1,500 

293 00 
33S 00 

311.00 

3S7 00 


2,000 

2,500 

450 00 
502 00 

1 

Prices on otlier sizes upon request 


[ I"or J^irect Current, 

give capacity of switch, 


When Ordering: 


number of poles and voltage of circuit. 

For Alternating Current, give capacity of switch, 
nunjber of poles, and exact voltage and frequency of 
I circuit. 


Note.—A lthough the above table is not intended to contain the prices 
or ratings of all remote-controlled switches, the values contained therein 
are probably, in general, typical for other makes and types. 
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348. A Method Of Controlling Signs By Remote-controlled 
Switches is shown in Fig. 436. The Topeka {Kan,) Edison 
Company operated a number of flat-rate signs. These were 
switched ‘^on” at dusk and at 10 o^clock, except on 

Saturday night, when they were burned until 11:30 p. m. 
When controlled and switched by hand, as formerly, the com¬ 
pany received the usual complaints because one sign was 
turned on or off before another as the patrolman progressed 
on his rounds. This previously-unavoidable dissatisfaction 
ceased with the installation of the remote-control system 


tdt^n 7hree~iY/re Mains-.- 



Corbon 3r€ak\^ | p 1 | .Switch r.c'inium t: 

fOO^mp Leaf^ ^ I 

Spring Contractor S 

CA // r ^ ^ ^ Onerafe ^^^ < 

Shell-n^pe ...yrp If M . Open w^cn Holding 

Lkefromagnet 

^ ^Mot Wke.NoW, Iron 
JIO Ohms « PLr. '■ * if'on Plunger 
K— 3 >* 

Fig. 436.—Remote-controlled bw itches controlling flut-rate sirius. 


Holding 

Re'ii^tarue 


which is shown and the wage of the patrolman, $20 per month, 
was saved by this switching of all tlu' signs from a central 
point. A remote-controlled sw^itch was installed at each sign. 

Explanation. —Shell-type electromagnets, M, wore used in the 
remote-control switches. The outer dimensions of the iron magnetic- 
return casing were 4 in. long by 3 in. in diameter. The iron plunger, /^ 
had 1-in. travel in the 1-in. brass tube in which it slides. Two and one- 
third pounds of No. 25 black enameled magnet wire were used in each 
coil. A brass rod, B, connected the plunger with the leaf-spring contac¬ 
tors, C, which were supplemented by carbon-break blocks which “take” 
any arcs that form on breaking the circuit. J, E, Gosscit, electrical 
foreman, who laid out the scheme, estimated the cost of these magnet 
switches to be about $6 each. 

Extending through the business district is a No. 10 iron wire, TT, which 
is used as the pilot circuit and is tapped in multiple to the romot(‘-control 
magnet windings. Each magnet coil has a resistance of about 130 ohms 
and at 110 volts takes 1 amp. which closes the contact effectively. A 
current of less than 1 amp. will hold the plunger in the closed position. 
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Hence, at the control location there is a resistor R of a predetermined 
resistance (110 ohms) which can, by opening switch //, he inserted in the 
pilot circuit after the remoU*-controlled switches have been (iosed. This 
reduces the current per coil to 0.5 amp., which is ample to bold the 
contacts in position. To light the signs, the controlling switch, S, is 
closed (the resistance switch, H, having already been closed); thereby 
current is permitted to flow throug the remote-controlled switches. 
Switch JI is then opeiu'd, thereby inserting resistance R into the circ uit 
to cut the holding current down to normal value, so that the magnets 
will not heat. Fifteen large signs were ^»peiMlt'd by the Topeka piJot- 
wirc circuit, which was f arly a mile in length. 

349. A Method Which Has Been Employed For The 
Remote Control Of An Alterupting-current Series Incandes¬ 
cent Lamp Circuit Ls sliown diagfaiiimatically in Fig. 437. 
The Worcester [Mass.) Electric Light Company installed a 
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number of trial 4 amp., 75 watt alternating-current tungsten 
scries ineandeseeiit lamp circuits, L, early in 1912, for the 
street illumination of outlying districts. To economize 
in the fecnler in vestment for this work, Fied H, Smilhj superin¬ 
tendent of the company, devised the plan which is shown by 
which energy for the operation of each circuit is derived from 
the regular 2,300-volt, siiigle-pliase commercial feeders of the 
plant. 

Explanation. —Each circuit of series incandescent lamps contains 
from 50 to 75 lamps looped through a suburban zone. Each 
circuit is fed from a constant-current transformer, PSy located in a pole 
box in the immediate neighborhood of the lamp district. The constant- 
current traubformer is connected across the 2,300-volt line. One side 
of the ])rimary of PS is fused and the other side connected through a 
solenoid switch, S. The actuating coil of the solenoid switch, Sy is in 
series with one of the company’s direct-current series street arc-lighting 
circuits which passes the location of the transformer. 
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The series incandescent lamp circuit is switched on automatically at th(' 
time the direct-current arc service is switched into operation: The 
closing of the d.c. arc circuit at the station lights the arc lamps, A, and 
simultaneously permits current to pass through the solenoid switch coil 
in the pole box. This closes the contacts of the local constant-current 
transformer primary, P, and lights the series incandescent lamps, L, 
In order to keep the alternating-current incandescent circuit constantly 
in service, regardless of the current fluctuations and regulation of the 
direct-current arc-lamp circuit, a pole piece is installed in the core of 
the solenoid switch. This pole piece is so designed that the plunger of the 
switch is draw'll firmly against the pole piece at the instant current first 
passes through the arc circuit and coil of switch S. Even if no direct- 
current passes through the coil of Sy the residual magnetism of this pole 
piece is sufficient to hold the plunger up against the pole piece. In the 
morning when the direct-current arc circuit is (‘ut off, the incandescent 
service remains on until an operator at the distributing substation permits 
alternating current to flow through the d.c. are eireuit. This demagnet¬ 
izes the solenoid core which permits the plunger to drop and open the 
series incandescent circuit. The solenoid switch is of the oil typo. 

Fourteen alternating-current incandescent circuits arranged as described 
were in operation at Worcester. The loads on the different circuits vary 
from 4 kw. to 10 kw. The effect upon the 2,300-voU lines has been 
negligible. By the use of the automatic switch, S, which is built for 
high-potential operation, no patrolman is required to switch the series 
incandescent lamps on and off. The arrange^ment has saved money in 
underground conduits, ducts and feeders, besides rendering unnecessary 
a switchboard at the main distributing center. 

360. Remote Control Of Street Lamps Which Are Fed 
From An Edison System is illustrated in Fig. 438. This 
arrangement was used in the business section of Dayton^ Ohio, 
which was lighted by 360, 340-watt tungsten clusters, divided 
into seven sections, three of which are shown. Each section 
was fed at a convenient point from the 220-volt Edison three- 
wire mains (M, Fig. 438) of the Dayton Lighting Company. 
Formerly controlled by hand from street switches, this light¬ 
ing when arranged as shown can all be manipulated practically 
simultaneously from the station switchboard, AB. The 
magnet-switch scheme which is shown requires considerably 
less wiring than is necessary for the usual distribution or for 
pilot-wire controls. The scheme was developed by 0. H. 
Hutchings, general superintendent of the company. 

Explanation. —Closing one of the control switches, A or B, (Pig. 438) 
energizes the magnet contactor, Ci, of a nearby section. As this section 
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lights up, it in turn energizes the contactors, C 2 , of section No. 2. The 
action is similarly repeated throughout the system, until the lighting of 
the last section is indicated by the pilot lamps, L, on the switchboard. 
One switch B, thus controls the four lower 60-watt post lamps >\hioh are 
operated till midnight; the other switch, A, governs the single 100-watt 
post lamps which are operated all night. Although this is not shown in 
the sketch, each section is balanced on le three-wire system, double-pole, 
switches being used instead of the single contacts, T, which are indicaoed 
in Fig. 104. Individual sets of these 100-amp Geneial FAectne cjixhon 
break contacts aie mounted, with the section 1 ees and meter, in a 30-in. 



Fig 438—Remote control of street lamps winch art ff<l from an Edison throe-wire 

syhtem 


by 34-111 gasketed man-hole box which is instcilled at the feeding point 
of each section. The meters are read monthly and the switches are 
inspected and cleaned at this time. Each magnet winding takes about 
0.3 amp. at 110 volts in its holding position, and the contacts carry 68 
amp. to 90 amp. 

lYom the instant that the control switch is closed to that at which the 
corresponding pilot lamp flashes, barely one second elapses. Hence this 
is the time required for the impulse to traverse the seven switches and a 
total distance of 10,500 ft. Half of this path is in the No. 12 pilot-wire 
circuit. The average length of the pilot circuit is 786 ft. The system 
cost $120 per switch station to install, exclusive of meters. It saved 
about one-half hour’s daily operation, due to irregular lighting, or abouf 
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60 fcw.^hr. per day, in addition to labor. Half a mile from the nearest 
post-lighting circuit, the Dayton company also lights a bridge with 
altemaling-ourrent multiple tungsten lamps. The control of these haa 
been effected by extending a pilot circuit and magnet switch from the 
direct-current curb system, replacing a time switch which was formerly 
used at the bridge. The cost of operating the curb system was $66 per 
340-watt post per year. 

351. Another Method Of Remote-control Operation Of 
Ornamental Street Lighting is illustrated in Fig. 439. The 
arrangement was used in Peoria, Ill. where 240 five-lamp stand¬ 
ards were employed to light the downtown section of the city. 
The five-lamp standards are fed in groups of six from the 



Fio. 439.—Heniote oontrol of ornamental street lighting system in Peoria, Ill. 


110/220-volt alternating-current three-wire mains. They 
are switched on and off by means of a remote-control pilot 
circuit (Fig. 439) which operates relay switches at the feeding 
points. With a step-by-step mechanig^ the four 60-watt 
lamps or the single 100-watt lamps on each 5-lamp standard 
may be turned positively on and off, independently of the 
others. Only a single control wire is used. 

Explanation, —At each feeding point for a six-post group, a relay 
switch (Fig. 439) is installed in a post base. The switch includes a 
1,000-ohm telephone relay, It, bridged between the control wire, C, and 
the system neutral, and the 50-ohm switch magnet, M, the winding, W, of 
which is energized through the relay contact. Tliis operating magnet, 
W , works against the switch shaft, rotating it 90 deg. each time the mag- 
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net is energized. Pitman rods which extend from this shaft, control 
contacts dipping into the two mercury cups of the switch, t ne cup is 
for the top-lamp circuit and the other is for the four lower lamps. The 
crank pins for these rods are also quartered 90 deg., as Fig. 105 shows, 
so that in succession both contacts may be down, or one up and one down, 



or both up. I'his series of j)ositions is ptussed through in the course of 
one rotation, lighting first the lower lamps, then the top lamps, then 
extinguishing the lower lamps and linaily extinguishing the top lamps. 

Some dilliculty was at first experienced in timing the impulses to 
tiperate nil the reLns and switches positively, but the messenger call-box 
mechanism, B, which was finally adopted, solved this 
problem. The current impulses in the control wire, C, 
are, by 7i, each maintained at about 15-sec. duration with 
a 5 sec. interval between each impulse. Another slight 
source of trouble was due to the sensitiveness of the 
relays as they were first installed. A hcav}’^ blow" on 
the lamp post, such as IJ-af caused by a w"agou riding 
over the curb, would musi .o momentary closure of the 
contact, throwing the control circuit of that post out of 
step. But those minor difficuHies were speeddv cleiired. 

Each sw"itch, before being installed, received a test of 
500 O] locations without a single failure. Each switch 
mechanism is inclosed in a 6-in. by 10-in. iron box, 2 in. 
deep, w"hich has fib(T entry bushings for the wires. Each 
outfit cost about $12, as made in a local shop. The No. 

10 control wire, C, which operates the forty switches has restonng puwh- 

a total length of about 3 miles. Each relay takes about 

0.1 amp. and the operating magnets 2 amp. momentarily, jci^cirtc Co.) 

C, A. Richj foreman of the underground department 

for the Peoria Gas & Electric Com'pany^ devised the installation 

described. 

Note.— The Remote Contbol Or Eitheb Primary Or Secondary 
Circuits May Be Provided By Means Op A Small Motor (By D. E. 
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King) as shown in Fig. 440. The three-phase motor, M, is fed from a 
No. 14 wire at a potential of 220 volts, the distance from the office to the 
switch being a quarter of a mile. The oil switch, 0, connects the 2,300- 
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Fia. 442 —Door-Bwitdi oircuit-diagraiuB 



Fig. 443.'—Door switch installed in the 
door jamb of a closet uo that the circuit is 
closed when the door is opencxi. 



Pig. 444 —Showing a door switch in- 
stalled in a door jamb and the method of 
securing an armored cable to the switch 
box (Catalog Nos. 7240 and 7241, Cutler- 
Hammer Mfg Vo ) 


volt primaries with two constant-current transformers, used for series 
street lighting. To throw the circuit on or off, reverse the direction of 
rotation of the motor. To effect this a two-pole, double-throw switch S 
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is Xised. The center leg of the motor is always in circuit and when the 
switch IS thrown in one position two of the phases are reversed. In the 
other position the connectiuus are normal. 

362. A Door Switch May Be Installed In The Door Jamb 
So That Opening And Closing The Door Operates The Switch. 

Switches of this type (Fig. 441) re made (Sec. 96) so that the 
circuit (Fig. 442) may either be opened or closed by closing the 



Fia 44/> —Solenoid door-bolt swit a for automatic t i trol of lights in hotel rooxna. 
This HHitch sets in the door jamb {Ilarl Mfa Co ) 

door (Fig. 443). Door switches which are so designed that 
the lamp is lighted wlieri the door is open and extinguished 
when the door is closed are suitable for installations in clothes 
closets, linen closets, entrance halls, vaults, and the like. 
Door switches which light the lamp when the door is closed 
and extinguish it when the door is open are used principally 
in telephone booths, toilets, and the like, where one would 
naturally close the door after entering, A method of fastening 
armored cable to a door switch is shown in Fig. 444. 
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353. The Solenoid Door-bolt Switch (Figs. 445, 445-4, 4465, 
*ind 446) IS used principally m hotel guest-i ooms to effect a cur- 
lent-saviiig. It is so operated by the bolt in the dooi lock that 
when the guest leaves the room and locks the door any lamps 
which he may have left burning therein will be extinguished. 
A separate bolt is used to lock the dooi fiom the inside. This 
inside locking bolt <loes not operate the switch One nianu- 
factun f of such a switch estimates that the cost of the cuiient 



l-Sec+lonal Elcvatjon (Prongs 
L And H Omitted From This vlc^) 


H-l^artial Sectional 
ticvatlon 


Pio 14*5^—Mechanism of Uart Mfu Cos Tjjt I) nuigiutic door boll switih CA 
Btftional tl( vation is shown it I and a partial sectional eltvation at II \s nliown ui* 
1 the door ha& just been unlocked from th( imimdc pcimitting (ontictor plate t to 
drop down and touch the two contact ptints 1 only one of which is shown 1 his 
curnplctob the circuit through tin inaKini which immedmtily raists the core H to that 
position shown at II thus dosing tht mam switch S Whtn S olosis the lug ( is 
pulled into the notch JV b\ a spiing When C is pulled into N C engages wilh another 
lug 0 and raises i off the two (ontacls L Thus the mam switch is dosed and the 
elettromagneit circuit is optneel therebv pern itting the lumr»fa to be controlled from the 
inside of the room bv the room switch TV hen the occupant leaves the reotu and locks 
the door from the out‘<idc the button A is pushed m This eaiises the earn surface h, 
to strike and raise the prong 11 Thereby ( is disengaged *‘roni N and the mam switch 
tS drops open Also when A is pushed in and the mam switch is opened the under 
Bide of M (in J) holds prong P down so that F cannot touch I Ihus the electro 
magnet larnes no curnnt while the switch is open or closed The only time the 
electromagnet carries current is for an instant after the door is unlocked from the 
outside ) 


which Will be saved by its use will pay for the switch in about 
18 months. That the switch will operate to save current is 
based on the assumption that a hotel guest is more likely to 
lock the door when he leaves the room than he is to torn off the 
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Fw 445J9 —Installation of door-bolt switch (//ort Mfff Co ) 
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lights. The operation of the switch is explained below. The 
usual rating of door-bolt switches is 3 amp. at 250 volts, or 
6 amp. at 125 volts. 

Expi-anation. —When the door is locked from the outside, the lock 
bolt, Ly passes into the strike and operates the switch button (B, 
Figs. 445, 446, and 447) so that the contactor (C, Figs. 445 and 447) is 
raised off of the pilot contacts (P, Figs. 445 and 447). Therefore, when 
the door is not locked from the outside—occupant is within the room— 



Flo. 446 —Solenoid dooi-bolt »w.tch installed in door janib. (//art M/o Co ) 

the solenoid (E, Figs. 445 and 447) will be energized by a very small 
current-flow from A'^ to Y. This raises and closes the single-pole switch, 
Fy which is connected in series with one side of the line. Then, the 
lighting and extinguishing of the center lamps may be controlled by 
operating the single-pole room switch (G, Fig. 447). The bracket and 
toilet lamps may then be controlled by their respective key sockets. 

When the occupant leaves the room and locks the door, the electrical 
connection between the pilot contacts, P, is as explained above, broken. 
Solenoid E is thereby de-energized and the switch F drops downward to 
the open position. This opens one side of the line. Consequently 
any lamps within the room which may have been left lighted are extin- 
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FiO. 460.—Hotel-room solenoid door-bolt swatch installation. This corresponds to 
the circuit diagram of Fig. 447. A double-pole room switch connected as indicated in 
Fig. 440 is preferable. 



Pig. 461. —Showing a door-bolt switch installed in the door jamb with wood screws. 
They can also be mounted on the strike by using spacers and machine screws furnished 
with the switch or directly on the back of a box strike without the spacers. Two holes 
are tapped in the switch plate for tlie screws. The drilling of the strike is as shown. 
iCuUer^Hammer MSo* Co., List No. 7!i$42.) 
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solenoid wire is connected to a point which is behind G. 
Therefore, when G is open, no current can flow through the 
solenoid. Thus, all of the lamps within the room may be 
controlled by G, because when G is opened, the solenoid is 



I iG 452—( irtuit diagram of mngle pole door-bolt switch whidi is diriotly operated 
bv the lode b( It Two smgle-pole noni switches iS control the lamps when the door 
IS unlocked from tho outside 

dc-eiioigi/('d, and bwitch opens. Foi this leason, the 
braeket and toilet lamps cannot b(‘ lighted eveept when G is 
closed. The method shown in Fig. 448 will usually be more 



J lo 1>2\— Method of infitnlhnp i door holt switdi which is to be operated by a 
Hliding door (1 aiiipM within the storeroom are lighted when the roller ruiib off of the 
uigle iron as the door is op<n<d Iht lamps will be txtinguishtd wht,n the door is 
e lose el even fiiuugii it is nit closeel tightly In some (oust ruction it ma> be. lie. e cssary 
to provide t ehantiel <ti gio ive in the w ill for the augk iron } 


economical fiom a ( unent-saving standpoint than that shown 
in Fig 447 01 449 
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Note, —A Door-bolt Switch Which Is Directly Operated By The 
Lock Bolt is shown in Fig. 451. This mechanism consists of a single¬ 
pole switch, the construction of which is similar to the door switch 
described in Sec. 95. When the door is locked from the outside, the lock 
bolt, Ly (Fig. 451) strikes the switch button, B, and opens the switch. 
When the door is unlocked from the outside the switch is closed by aspring 
(Sec. 95). This door-bolt switch is connected into one side of the line as 
shown in Fig. 452. One or more single-pole room switches {Sy Fig. 452) 
control the lamps within the room when the door is unlocked from the 
outside. A method of installing such a switch for a sliding door is 
illustrated in Fig. 452A. The function of ihe direcfly operated door- 
bolt switch is the same as that of the solenoid door-bolt switch (Sec. 353). 

355. A Time Switch is a switch which is so oporatod by a 
clock mechanism that the switch will be automatically opened 



Fjo. 453 —An inii)roM‘<ed jilarin-oL>ck tune bwitch. Thin arrangoinent would prol>- 
ably not be approviKl by an insurance inspection bureau (The clock is anchored to 
the shelf by notched blocks, G A string -S', is so wound around the alarm-winding 
stem that when the alarm goes off the string will be pulled. Pulling the string releases 
weight, li, by means of lever, L, and hinged shelf, M. The w'eight in falling pulls switch 
handle, H, by means of cord. R. The clip, Z>, is used in taking up the slack in the string ) 

or closed by the clock at a prodett^rminod time. A simple 
time switch may be constructed by rigging an ordinary knife 
switch to an alarm clock (Fig. 453), so that when the alarm 
mechanism is tripped the switch will be operated. However, 
the couiiriercial time switches usually comprise a high-grade 
clock mechanism, a mechanical switch propelling device, and 
a switch, all of which are eompacled into a small metallic 
protecting ease. The typ<*s of switclies which are usually 
employed in connection with time-switch mechanisms of the 
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different makes are shown in Table 369. The clock-work 
spring and the propelling-mechanism spring have to be wound 
by hand, except where an electric winding device is provided 
as in Fig. 465. Rewinding is usually required every 8 days. 
Various commercial tune-switch mechanisms are described 
in the following sections. 

366, A Time Switch Can Generally Be Economically Used 
To Control A Circuit Which It Is Desirable To Open Or Close 
At Definite Times, and where there is no reliable person 
piesent at those times to do this work, Spoeihc examples of 
time-switch applications arr' outlined hereinafter. 



Door 



CfCfrAnd I 
5pnng fo 
Oferole ' 
fropdhn^ ( 
Mechanibm . 



\Ncirmlncj Coi! *7 


1 i(i 4)4 Double-pok, Hiugl(>~throw 
Atuhraon time HiMtch (Type F Albert 
& J M Andason Mfg (o ) 



Fig 455 —Clock and aBBociated parts 
of an Anderson time switch showing Sun¬ 
day shut-off dial 


367. The Anderson Time Switch (Fig. 451) consists of three 
principal units: (1) The clock and iLs associated parts, Fig. 455, 
which tnp the prop(‘lhng mechanism. (2) The propelling 
mechanism, Fig. 45(), which operates the switch. (3) The 
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smtch, Fig, 457, which opens and closes the circuit The 
operation of each of these units is explained below. 



Explanation— lh( 24-hr diil (Z>, Fig 455) which is geared to and 
rotated by the clockwork iricehanism, makes one complete revolution 



1 Open Po6»+ion XClosed Position 

I IQ 4fi7—Double polt BiriKle throw twitch mechaiusnt of an Anf!er*<on time Bwitoh 


every 24 hr The cams (E, Fig 456) are in the rear of D and are 
earned on a shaft through the center of D. Thus, the cams E rotate 
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with D. The relative position of these cams is changed by loosening the 
knurled nut (N, Fig. 455) and setting the hands of the 24-hr. dial with 
the fingers. Setting these hands according to the figures on D (Fig. 455) 
determines the time at which the sw'itch will be operated. 

The operation of the switch is as follows: Consider one of the cams 
(j&, Fig. 456), which is rotated by the clock mechanism in the direction 
indicated by the arrow. When Ihc incline of E, (Fig. 45S) comes in 
contact with the projecting lug, (\ E will—as it continues to rotate— 
exert a pressure on C which will cause* tin* €*scapement mechanism, M, to 
tilt upward alxmt the pivot, P, until the projection A rises high enough to 



Fio 458 — Ksrapenieut nu’c)mm»m of 
an Antltrt^on tiiiu* switch being tiltid up 
by the dock-actuated earn, E. 



Fig 459 —Propelling incchanisni of an 
drtdtisc/n time switch after having made 
a portion of the one half revolution re¬ 
quired for one opeiution of the switch 


allow the point of tirm B to pfiss under it. This movement, w^hich hjis 
tilted A upw^ard, has, at the same time, tilt(*d F downward. I'herefore, 
when the upper end of arm /?, which is moved in the direction of the 
arrow by the spring of the propelling mechanism, is roU'tiscd from A, 
it will only rotnto until it strikes F, as showm in Fig. 459. Shortly 
afterward, the point of cam E passes by the knif(‘-e(lge of projection C, 
thus allowing the spiral spring, S, to pull M back into its original position. 
This disengages B and F, and the operating spring of the propelling 
mechanism causes B to rotate, dotation of B is stopped—after one half 
revolution—by the other end of B striking against A as shown in Fig, 
460. This one-half revolution of B and the crank disc, //, carries the 
crank-pin, K, to a position (Fig. 460), which is diametrically opposite to 
that which is shown in Fig. 456. This lowers the connecting rod, jR, and 
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closes the switch as shown in Fig. 4:57-11. When the next cam stnkcs 
C, (Fig. 460) the cycle which is described above* is repeated, and R is 
raised into the position shown in Figs. 456 and 457-1. The switch is then 
open. The manner in whicli the switch is opened and closed through 
the toggle-link mechanism may be understood from a consideration of 
Fig. 457. 




Fia 460—Propelling niecb am am of Pio 401—Porat/«n time switch {Para- 

an Anderson time switch (Switch m gon Eleitrtc ( o ) 

closed position ) 


368. The Paragon Time Switch (Fig. 401) consists of three 
principal parts; (1) The clock. (2) The propelling'tnechamam. 
(3) The switch. The type of clock shown has four hands on 
the 24-hr. dial. This permits of four opt^rations each 24 hr. 
That is, the switch may be opened twice and closed twice 
during this period. The maximum capacity of the snap 
switch, Sy is 30 amp. If a current larger than 30 amp. is to 
be controlled by this instrument, a r(*inote-eontrolled switch 
is used, and *S is connected through three No. 14 wires to the 
opening and closing coils of the remote-controlled switch. 

359. In The Mercury Time Switch (Fig. 402), the principal 
parts of each pole of the doublc-pole-switch mechanism are a 
pivoted switch blade ((r. Fig. 463) and a mercury-cup, D, 
which is filled with mercury. When the switch is closed 
(Fig. 463-/), the current-path is that which is indicated by the 
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arrows. The switch is held in the closed position by the 
spiral spring, S. If the switch handle {H Fig. 463-/) is 
pushed to the right, the spiral spring, S, opens the switch by 



raising the l)lado out of the mercury (Fig. 463-//) with almost 
a snap action. If now // is pushed to the left, the switch 
is closed. In the time switch (Fig. 462), II is pushed to the 
right by a trigger arm A and to the left by another trigger arm. 



PlQ. 463 —Illustrating construction of the switch employed in the Mercujy time switch 

B. These trigger arms are actuated by the clock mechanism. 
The time at which it is desired that the switch be opened may 
be set by the dial, L, and the time at which it is desired 
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that the switch be closed may be set by the dial, M, 

When the time arrives at which the ^‘off dial, L, has been set, 
the trigger arm, A, flips to the right, thus kicking the switch 
open. When the time arrives at which the ‘‘on’’ dial, Jkf, 
has been set, trigger arm B flips to the left, thus closing the 
switch. The apparatus is so constructed that each of the 
operations (one opening and one closing) described above may 
be made to occur every 24 hr. 

360. Various Devices Which Are Intended To Decrease The 
Personal Supervision Of Time Switches have been developed 
by certain manufacturers. The functions of the principal 
devices of this sort are described in the paragraphs below. 

361 . A Time Switch M \y Be So Made That Four Daily Opera¬ 
tions Will Occur (Se(‘. 358). That is, during each 24 hr., it will, say 

close the s^ntch, then open it, then 
close it again, and then open it again, 
7\me mntches are also made so that 
three datLy operations will occur. The 
Paragon switch (Fig. 461) will operate 
4 times daily. The Anderson Com¬ 
pany makes switches which will oper¬ 
ate respectively 2, 3 or 4 times daily. 
The Mercury switch operates 2 times 
daily. 

362 . The So-called ‘SSunday’' 
Shut-off Device (h^igs. 456 and 464) 
operates to shut off the operation of 
the switch for a penod of one 24-hr. 
day in each 7 days. In those locali¬ 
ties where it is not deemed necessary 
to have the show-window or similar 
lamps lighted on Sunday night, a 
switch which is equipped with a Sun¬ 
day shut-off device may be used. 
Then the lamps will he lighted and 
extinguished each weekday at the time 
set on the dial and on Sunday they do 
not light at all. 

363 . The So-called '‘Saturday 
Nioht Overtime^* Device {Albert 

tfc /. M, Anderson Mfg, Co.) operates to cause the time switch to auto¬ 
matically interrupt the current later, say 2 hr. later, on any one night 
out of seven than the time at which it operates on the other nights. 
That is, the switch may be set to extinguish the lights, say, at 11:00 p.m. 



Fio 464 — Hhowiuja; the Hunclaj cut¬ 
out niechanmin on an Andtrson tune 
switch (Every seven dnys a cam, E, 
so operates the latch, L, that the arm 
iR prevented from rotating for a period 
of 24 hr ) 
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on every night except Saturday, on which night it does not extinguish 
them until 1:00 a.m. Sunday. Such a device is especially desirable in 
connection with a time switch for controlling the lights in a show window 
in the business section of a city. 

364. A Warming Coil On A Time Switch {Anderson and Raragoti) 
is used to warm the clock when it is exposed to extremely low tempera¬ 
tures. If the temperature of the clock d’^ops to about 0® F., the oil will 
thicken and cause the clock either to run slower or to stop altogether. 
The warming coil is intended to prewent this. The wariuing-coil circuit 
on some clocks is provided with a thermostat so that the coil is auto¬ 
matically cut out of circuit in warm weather and cut in again in cold 
weather. The warming coil on other 
clocks (IF, Fig. 454) is provided with 
a switch whereby the coil is manually 
connected and disconnected. 

366. By Equipping A Time Ci^ick 
With A Swutch-lock-out Device, 

{Paragon switch) the switch-propcIling 
mechanism may lie prevented from 
operating while the clock continues 
to mark time. This lock-out device 
is usually manually operated. If it is 
desired to discontinue the switch 
operation for one or more days, the 
switch is locked by this device. 

Then .when the switch is unlocked, 
the regular cycle of switch operation 
will be r(‘suined. 

366. An Electrically-WOUND Time Switi'h (Fig. 465) is one wherein 
the propelling-mechanism spring and the clock mainspring are wound 
automatically by an electric current. Such an appliance is especially 
advantageous for a time swit<*h which is to be installed in an isolated 
location, such as an outlying sencs-arc-lamp sub-station, or on the 
framework of an eh^ctrit; sign which is on the ti>p of a high building. 
The only attention, so th(' manufacturers claim, that will be required 
by a time switch which is so equipped is to change the setting to cor¬ 
respond with the change of seasons and to oil it about twdc(‘ a 3’^ear. 

367. A Season Changing Device On A Time Switch causes the 
time at which the switch opens and closes to vary according to the time 
at which the sun rises and sets. One manufacturer (A. J. M, Anderson 
Mfg, Co,) of such a device states that when adjustments are made for 
the latitude where the time switch is to be used, the instrument will 
follow the sunrise and sunset with a maximum error of about 15 min. 
from sunrise on Aug. 15 and a similar error of 15 min. from sunset 
on May 15, but will be practically correct on Dec. 15 and June 15. 

That is, assume that the time switch is set at Boston, Mass, on June 15, 
so that the lamps will be extinguished at 3:05 a.m. and lighted at 8:25 p.m. 

22 



Fio. 405.—Wiring diagram of an elec¬ 
trically-won nd, lugh-voltagc, oil-break 
time switch. {Type T, Albert tfc J, M, 
Anderson Mfg. Co.) 
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(These times are, respectively, about 1 hr. before sunrise and 1 hr. aft(*r 
sunset at Boston, Mass, on June 15.) Then, without further attention 
to the setting, the instrument will, on Aug. 15, extinguish the lam])s at 
about 3:30 a.m., which is about 1 hr. and 5 mm. before sunrise. On the 
same date the lamps will be lighted at 7:45 p.m., which is about 1 hr. after 
sunset. On Dee. 15, it will extinguish the lamps at 0:05 a.m. and light 
them at 6:10 p.m., which times are, respectively, again 1 hr. before sun¬ 
rise and 1 hr. after sunset, just as the seltings were made on June 16. 

368 . From the explanations in the pr(‘ccding notes it is evident that 
certain manufacturers* time switches may be so equipped that they 
will operate every day in the week, do overtime on Saturday night, rest 
all day Sunday, warm itself when the weather gets cold, wind itself, and 
follow the seasonal changes in the time at which the sun rises and sets, 

369. Table Showing Classification Of Time Switches As 
Regularly Manufactured By The Anderson Company Accord¬ 
ing To The Type Of Switch. 

Type of break Type of mechanism I Operation 

t ’ I 


Air break 


Electrolier 

Snap swdtch (Fig. 460) i Single-pole, single-throw 
I Double-pole, single-throw 
I Three-pole, single-throw 


Smgle-pole, single-throw' 

Laminated coppcT brush Double-pole, single-throw 
(Fig. 4.54) I Double-pole, double-throw 

I’lirce-pole, single-t hrow^ 


Oil break Laminab'd copp<*r ]>rusn Double-pole, single-throw 
I (Fig. 469) ^ Tliro(*-pole, single-throw 


370. The Applications Of The Switches Of The Different 
T 3 rpes Which Are Used In Time Switches arc, in general, as 
noted below. 

Note.—Time kSwitches Which Are Equipped With A Snap Switch 
are used to control small loads not exceeding 30 amp. at 250 volts, such as 
small lighting loads and remote-controlled switches. The remote- 
controlled switch may in turn control a load of any reasonable magni¬ 
tude. Air-break time switches which have laminated copper brushes 
are used to control loads from 10 to 250 arnp. at not over 250 volts. 
Oil-break time switches are used for loads up to 50 amp. at from 500 
to 6,600 volts. 
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371 , The Cost Op Time Switches varies from about $35.00 up to 
$450.00, depending upon the type, capacity, and (Sec. 300) appliances. 
For estimating purposes the following costs may be tvssuinod: A 
30-amp. switch costs about $76.00; a 60-amp. switch about $100.00; a 
100-amp. switch about $300.00; and a 200-amp. switch about $400.00. 
The various special appliances which are listed in Secs. 362 to 368 may 
cost from $5.00 to $50.00 extra. 

372. The Circuit-connections For A Time Switch will 
depend upon the type of the switch which is used. The circuit 
diagrams given in Divs. 4 and 7 for singie-fiole, multi-pole or 
electrolier switch circuits may be followed for connecting time 
switches of the respective types. 

Note.—The Electkolier Switches Which Are Desicjnbd For Use 
In Connection With Time Switches ar«^ usually two-circuit, three 
position (Div. 7) electrolier switches. Such a switch usually requires 
that the time switch mechanism be provided for three operations daily. 
That is, one time switch operation per day must be provided for each 
electrolier switch i)osition. For example sec Sec. 375. 

373. The Kinds Of Lighting-circuit Installations Which 
Time Switches Are Frequently Used To Control are: (1) Signs, 
(2) Show windows, (3) Hall-ways of aparUnent houses. (4) 
Poultry houses, (5) Electric railway waiting stations. (6) 
Two-rate meter service insiallatiom. (7) Street lamps. Time 
switches are also freciuently used to control the length of 
time which storage batteries are on charge, to control motors 
for ventilation and refrigeration, and the like. Since storage 
battery and motor applications are not within the scope of this 
book, only those listed above from (1) to (7) inclusive, will be 
described in the following sections. 

374, Time Switches May Be Used To Control The Lighting 
Of Outdoor Electric Signs, both of the flasher and of the 
constantly-lighted types. Where a time switch is used to 
control a flasher sign, it may be so connected that both the 
lamps and the motor which drives the flasher are controlled 
by the same switch. Where several bill-boards which are 
owned by the same company are grouped close together, one 
time switch may be used to control the lighting of the entire 
group. Such installations, instead of requiring an attendant 
to visit them twice daily to turn the lamps on and off, will 
only require an occasional inspection of the lamps and time 
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switch. If the time switch mechanism is not electrically 
wound, it will have to be periodically wound by hand, ordi¬ 
narily once each week. 

376, Time Switches May Be Advantageously Used To Con¬ 
trol The Lamps In Show-windows which are not under the 

care of a night-watchman. Even 
where there is a community 
niglit-watchman whose duty it 
is to turn the window lamps on 
and off at given hours, a time 
switch may pay for itself in a 
few years by the current saved 
and by eliminating the night- 
watchman’s fee. Where it is 
desired that the illumination of 
a brightly lighted window be 
decreased during the night, the 
lamps may be connected to two 
circuits. Then by controlling 
these two circuits with a two- 
circuit, three-position electrolier 
time switch which operates three 
times daily, all of the lamps may 
be automatically turned on at 
dark. Then, later in the even¬ 
ing wdien traffic has decreased, 
a j)art of the lamps may be ex¬ 
tinguished and a part left 
burning. Finally, just before 
Fia ^ daybreak, all of the lights may 

be extinguished. The electrolier 
switch for such service should provide a ‘^1 & 2—1—Off^^ 
control sequence. Figs. 4G1 and 466 show time switch 
mechanisms which operate electrolier switches. 

376. Time Switches May Be Used To Control The Bbll- 
way Lights Of Apartment Houses where it is desired to 
extinguish all of the hall lights at a certain hour. Or they 
may be employed where it is desired that only a part of 
the hall lamps be extinguished at a certain hour of the night 
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and the remainder be left burning until morning. For this 
latter control the lamps are connected to two different circuits. 
Then the two circuits are controlled by a two-circuit three- 
position electrolier time switch which operates three times 
daily (Sec. 375) 

Note.—Time Switches Are Sometimes Used To Control The 
Lamps In Poultry Houses, thereby increu^juig the apparent daylight 
period, and providing a longer working day for the poultry. This is 
believed by some poultrymen to increasi' egg production. 

Note.—The Lamps In Hailwat Waiting Stations May Be Con- 
TKOLLim By Time Switches ho that at stations where there is no agent 
or attendant, the lamps will not be left burning during the day time or 
during the night hours when there are no trains. The type, capacity and 
connections for the time switch controlling such lamps will he essentially 
the same as for a manually operated switch for the same service. 


Lights v 



377. Two-rate Meter Service May Be Controlled By A 
Double-pole Double-throw Time Switch (Fig. 467) which has 
no off position. Central sta¬ 
tion companies will sometimes 
sell electrical energy which is 
used during the light-load peiiod 
at a low(‘r rate than that which 
is used (luring the p(»ak-load 
period. In such cases, a time 
switch may be used to transfer 
the load from one metiT to the 
other at specified tinu's. 

378. The Extinguishing And 
Lighting Of Series Arc And Incandescent Street Lamps May 
Be Controlled By Time Switches. Scries strec't lamps, 
whether arc or incandescent, may be served from: (1) A 
cons font-current transformer, (2) A constant-potential trans- 
forrner, (3) A constant-potential auto-transformer, (4) Direct 
from a constant-potential feeder. Various methods which are 
employed and the types of time switches used for controlling 
each are descrilx'd in the following sections. 

379. A Time Switch Of A Special Type Is Generally 
Required For The Control Of A Series Lamp Circuit Which Is 
Fed By A Constant-current Transformer. If the coils of a 


Doubfe-Po/e Double | T L re To 
Throw T/me bwitch I l_ Service Switch 
Which Ha' No ^ And Fuses 

Open Position 

Fig 467—Diafcrnn) of coimi^rtiouH 
for two-rat( meter bcrvite eontrolletl b> 
a tune Hwiteh 
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constant-current transformer are close together when the lamp 
load is switched into the circuit, considerable damage to the 
lamps may result. Consequently, it is necessary that 




Stngrfe-Poie 

Single-Throw. 

Switches- 


Conifanf\ 
Current I 
Transformer 



\^Primary 

''Secondary 


Singie-Pole 
Single Throw 
\Swifch 

‘ Series 

Lawps- 

Series 

Lighting 

Circuit 


Fig. 468.—Wiring diagram of a time switch which automatically separates the coils 
of a cons tan t>current transformer before the series lamps are connected into the circuit, 
{Type M; A. St J. M. Anderson Mfg. Co.) 

the coils bo separated before the lamp load is thrown on the 
transformer. A time switch which automatically effects 
this coil-separation before the lamps are lighted, employs 

^ _^ three single-pole switches (A, B 

p and C, Fig. 468); the operation is 

as follows: 

Explanation. —Two of the switches 
une- {A and jS, 408) are connected into the 
U If primary of the transformer. These 

^ df\. ^1_ switches (A and B) are simul- 

*IlJ taneously opened and closed by the 

^ Afeab-rr . clock mechanism. The third switch, 

I I C, is connected across the terminals 

; T ^ ^ J of the secondary circuit. Switch C 

'•Ground | v, closes simultaneously with switches A 

" .. 1 ’c and B and acts as a short circuit on 

I V - ldj| ^ secondary of the transformer. 

'-Switch Contacts This separates the transformer pri- 

Fig. 469. — Double>pole, single-throw maiy and secondary coils a sufficient 
oil-break time switch with oil tank distance to prevent an excessive cur- 
^emoved. {A. dc J. M. Anderson Mfg. flowing in the secondary 

circuit. However, switch C remains 
closed only until the short-circuited current in the secondary has sepa¬ 
rated the constant-current-transformer coils, as just described. Then, 
C, is automatically opened by the clock mechanism and the series lamps 
are lighted. 

Note.—A Constant-curhent Transfokmer Circuit May Be 
Controlled By An Ordinary High-potential, Oil-break, Double- 
pole Time Switch (Fig. 469) connected into the primary as indicated in 


'Switch Contacts 
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Fig. 470. With this arrangement, wooden blocks, TF, are placed between 
the transformer coils. The thickness of the blocks should be such that 
when the lamps are off the secondary coil will drop to a position which is 
just a little below its full-load position. 



Fjtj 470 —Wooden blocks used to keep the primary and secondary cods of a •'onstant- 
current transformer scparattKl, so the senes lamps may not be damaged when the time 
switch closes 


380. For Controlling A Series-lamp Circuit Which Is 
Served By A Constant-potential Or Auto-transformer, A 
Time Switch May Be Used as indicated in Fig. 471. The 
high-potential, oil-break, double- 

.... .. 1 . 1 Transformer 

pole time switch is nierel}' con¬ 
nected into the primary leads 
which serve the transformer. 

381. A Time Switch Designed 

For Controlling Individual 
Series Lamps, as illustrated in Fig 471 -Time switch for control!- 
Fig. 472 , is mounted inside of which ■..erv«i 

” ' , by an auto-transformer 

the pole fixture. This switch 

will not turn the lamp on. This must be done by a patroh 
man. However, the switch will turn the lamp off after it has 
burned the number of hours which is indicated by the number 
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on the dial, D, to which the indicator, I, points. When set 
as shown in the illustration, the switch will turn the lamp 
off 10 hr. after the patrolman turns it on. 



Pxa 472—Time switch for controlling individual senes lamps {Type U A A. J M 

Anderson Mfy Co) 

382. In Installing Time Switches, whether indoois or out¬ 
doors, it should be lemomboied that batl^^fat*tor^ oiXTatioii of 
the switch depends upon the propt'i functioniim; of tin* clock¬ 
work mechanism. Therefoie, the instrument should be 
protected from moisture and dust. The cases of some time 
switches are made practically dust and moistuie proof, 
whereas some are not so made. Oil-break tune switches w hich 
are installed on poles or in other exposed places should be 
enclosed in a wooden housing to provide additional protection 
against the elements. See Sec. 3C4 which relates to the electric 
warming of time switch mechanisms. 

383. The Code Requirements For Switches Of Time 
Switches are the same as those for a manually operated switch 
(Div. 3). Code Rule 19d states that: Time switches must be 
of approved design and enclosed m approved cabinets. Con¬ 
sequently, all approved time switches are enclosed. 
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Note.—^Thb Case Of A High-potential Oil-break Time Switch 
Should Be Grounded as indicated in Figs. 465 and 469. This is for 
protection of a workman against a possible insulation breakdown. 

QUESTIONS ON DIVISION 8 

1. What is a remote-oontrollod switch? By what other names is it frequently 
called? Draw a simple sketch of, and expla’' the operation of a remote-controlled 
switch. 

8 . Strictly speakiiiKi in what two ways may a remote-controlled switch be con¬ 
trolled? How are switches which arc used to control high-voltage circuits sometimes 
controlled? 

3. For what purposes may rcmofc-controlhid switches be used? Give specific 
examples wherein remote controlh'd f-witchcs are used for lighting service. 

4. How may remote-controlled suritches be classified according to operation? Define 
each classification. 

0. Why is an electrically-held-closed reinote-controllcd switch better adapted for 
the control of motors than a methanically-held closed switch? 

6. Why is a mechanicall>-held-cl 08 e<l remote-controlled switch better adaptcKl for 
the control of lamps than oiw whicli is held closed electrically? 

7. Name, define, and make a sketch of each of the principal types of remote-con¬ 
trolled switches. 

8 . Explain with a sketch, the operation of a straight-line-movemenU inechanically- 
held-closed reniote-controlled sw'itch. 

9. Explain by sketch the operation of a mechanically-held-closed switch of the 
clapper type. 

10. For what service is the Afajnr remote-controlled switch especially suited? Why? 
Make a sketch of the Major switch to explain its operation. 

11. Explain, with sketch, the operation of an clectiically-hcld-closed remott^controlled 
switch of the clapper type. By what other names is this type of switch sometimes 
called? 

12.. Explain by sketch the operation of an electrically-held-closed, straight-line- 
movement, remote-controlled switch, 

13. Illustrate with a sketch tiu two separate circuits of a rcmotc-controllod switch. 

14. Define the conirtd circint an<l tlie load circuit of a remote-controlled switch. 
What constitutes those circuits? Upon what do the control-circuit connections depend? 

16. What types of switches arc usually employed to control an electrically-hcId-closed 
remote-controlled switch? 

16. What type of switch is generally used to control a mochanically-hold-closed 
switch? 

17. Explain the type of momentary-contact switch which is generally used to control 
a remote-controlled switch of the mechanically-held-closed type. 

18. Draw a sketch of the control-circuit diagram to provide single-location control 
of the following makes of switches: (a) JIart, Type F. (b) Cutier^f/ammer. (c) Major, 
(d) Sundh. (c) Aatomatic. 

19. Draw a sketch of the control-circuit diagram to provide three-location control of 
those makes of switches which are listed in Question 18. 

20. Explain by sketch how a wire-saving may be made in a remote-control installation 
when the mo nenfary-contact switches are mounted in gang and the remote-controlled 
switches are mounted on one panel board. If an installation is made according to 
this method, how much wire will be saved if there are 9 remote-controlled switehea 
which are located 12.5 ft. from the momentary contact switches? 

2t. Draw a sketch of the eontrol-circuit diagram to provide single-location control of 
an eleclrically-hcld-c’oscd switch 

22. Draw a sketch of the control-circuit diugram tt> provide tiirec-location control 
of an electrically-held-closed switch. 

28. Draw a sketch of the control circuit diagram to provide three-location control 
of an eleciricallj^-held-closed switch. 
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S4» Draw a sketch of the control-circuit diagram of a Hart Typ^ A remote-controlled 
switch, wherein single-location control is provided by a single-pole controlling switch. 
Make a sketch of same, using a two-ciromt momentary-contact switch. Describe the 
type of momentary-contact switch which is re<iuired for this service. Explain the 
difference in the low-voltago protection which is provided by each method. 

29 . Show by sketch how two or more remote-controlled switches may be controlled 
by one momentary-contact switch. In a remote-controlled switch wherein the operating 
current is broken by the switch mechanism, what determines the number of remote- 
oontrolled switches which may be controlled by one momentary-contact switch? What 
determines the number of remote-controlled switches which may be controlled by one 
momentary-contact switch if the operating current is broken by the momentary-contact 
switch? 

26 . Make a sketch of the connections for two remote-controlled switches which are 
so connected that double-throw switch operation is provided by one momentary-contact 
switch. 

27 . Make a sketch of the diagram of connections of two remote-controlled switches 
so interconnected by a relay that upon failure of the ref/xdar service, the load will be 
automatically transferred to the emergency service. Explain its operation. 

28 . Shoiv by sketch how the installation in Question 27 may be remotely controlled. 

29 . What throe sources of electrical energy may be utilized for the control of remote- 
controlled switches? 

20 . Name seven different oontacting devices whereby a remote-controlled switch may 
be controlled. 

31. Describe the type of remotc-conti*ollcd switch which should be used when a 
device other than a momentary-contact switch is used to control it. 

82 . Draw a sketch of the control circuit of a remote-controlled switch to show how it 
should be fused to comply strictly with Code requirements. 

28 . Make a sketch of the control circuit of a remote-controlled switch to show how 
it is generally fused when used in connection with a system which has a grounded- 
neutral. Explain why such a method of fusing may be considcTed safe. 

24 . Make a sketch to show how the control circuit should be fused when the remote- 
controlled switch is used to control a circuit which has no grounded-neutral, such as a 
three-phase, three-wire circuit. 

86. How should a remote-controlled-switch circuit be fused? 

86. What are the factors which determine whether a remote-control or a direct-control 
lighting system should be used? What are the conditions which determine these 
factors? 

87 . What costs are included in the annual fixed costs of an installation? What costs 
ate included in the annual operating coatst 

88. Explain the general method which should be followed in selecting which system 
direct-control or remote-control should bo used. 

89 . Make dimensioned sketches (select your own dimensions) to show how a saving 
may be effected by a remote-control installation over a direct-control installation where 
the load center, the service entrance and the control locution arc separated by a con¬ 
siderable distance. How many feet of wire do you save? 

40 . Make a sketch of the distribution panel of a remote-controlled switch designed for 
the control several GGO-watt branch circuits 

41 . Make two sketches of multi-location-control installations of remote-controlled 
switches, and give two specific examples of their application. 

42 . Make a sketch of connections for remotely controlling arc lamps in a moving- 
picture studio. Explain its operation with an actual example. 

48 . For what types of buildings arc remote-controlled switches not usually economical 
when used as a master switi'h? Explain by sketch, showing wiring diagram for both the 
remote- and the direct-control of the master circuit in such a building. 

44 . Make a diagram of connections of a remote-controlled master circuit, wherein the 
location controls of tlie various lamp-groups are provided by single-pole switches. 

46 . What is a iloor svntcht What two types of door switches are frequently used? 
For what purpose is each type used? 



8 bc. 383] REMOTE-CONTROLLED CIRCUITS 347 

46 . For what purpose is a solenoid door^bolt switch used? Make a diagram of the 
connections and explain the operation of a solenoid door-bolt switch. Make a diagram 
of connections for a solenoid door-bolt switch installation wherein all of the lamps in the 
room may be controlled by a double-pole room switch, so that no current will flow 
through the solenoid except when this double-pole switch is closed. 

47 . What is a time switch f 

48 . Under what conditions arc time switches generally desirable? 

49 . Explain the operation of the Anderson tim switch; of the Paragon; of the Mercury, 

60 . Explain the function of each of the following time-switch appliances: (a) Sunday 

shut-off device. (6) Saturday night overtime device, (c) Warming coil, (d) Svitch- 
lock-out device, (e) Electric winding apparatus, (f) t'yeason changing device. 

51. Give classifications of time switches according to; (a) Type of break, (fe) Type 
of mechanism, (c) Operation. 

59 . Give the voltage and ampere range for which time switches arc suitable when 
equipped with; (a) Snap switch. (6) Air-bceak taminated-copper-brush switch, (c) 
OU-break switch. 

55 . Name seven examples wherein t»w» switthes arc frequently used to control 
lighting circuits. 

54 . Can a time switch be used for controlling a circuit other than a lighting circuit? 

56 . Explain why a time switch may be desirable for controlling electric signs. 

55 . What type of switch mechanism wdl frequently be found useful in connection 
with a time switch used for controlling the lamps in show-windows. 

57 . What type of switch mechanism should be used in a time switch which is to 
control a two-rate meter service? 

58 . What two kinds of transformers may be used to serve series arc or incaudesoent 
street-lamp circuits? 

69 . Explain the operation of one type of time switch which is especially designed for 
controlling a series street lamp circuit which is si'rvcd through constant-current trans¬ 
formers. Draw a sketch of the diagram of connections. 

60. Make a sketch of and explain how a conslant-currcnt-transfonncr circuit may be 
controlled by an ordinary double-pole, oil-break time switch. 

61 . Make a sketch of the diagram of connections for controlling a scries lump circuit 
which is served by a const ant-potential or auto-transformer, with a time switch 

65 . What should be remembered in installing time switches? 

65 . Give the Code requirements relating to time switches 
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THEATRE LIGHTING CIRCUITS AND SWITCHING 

384, The Principal Requirements To Be Considered In 
Laying Out The Circuits For Theatre Lighting are: (1) 
Safety of the patrons. The einerg(‘ncy circuits (Secs. 399 to 
402) must be so arranged that every possible precaution 
against the disastrous result of a panic is provided. (2) The 
decorative effect The decorative effect which is provided by 
the lamp-arrangement as made' by the architect depends to a 
large extent on the lighting control. That is, miless the 
control of the house and stage lights (Secs. 413 and 414) is 
extremely flexible, those illusions which may be produced by 
lighting effects, and which are paramount to the success of 
any show house, cannot be maintained. (3) Contirmity of 
service, upon which depends both the safety of the patrons and 
the decorative effect. (4) Minimum expense. By a judicious 
circuit-layout, both the installation and operating costs may 
be reduced, and yet comply with th(' three requirements 
mentioned above. The general principles pertaining to the 
arrangement of theatre lighting circuits which are outlined 
subsequently in this division represent the most modern ideas 
that are in accordance with the above requirements. 

386. The Circuits For A Theatre May Be Generally Classi¬ 
fied as: (1) The services, (If, M and L, Fig. 473) which connect 
the street mains of the public service company to the theatre- 
service-entrance equipment. (2) The feeders, mm ns, and 
branches (F, Fig. 473) which connect the service-entrance 
equipment to the various energy-consuming devices and 
distribution cabinets. (3) The branch circuits (Fig. 482) 
which connect the various distribution cabinets to the lamps. 
Each of these are discussc'd subsequently herein. 

386. The Service Wires For A Theatre May Be Either 
Overhead Or Underground. Which type of construction is 

348 



8bc. 3871 


THEATRE CIRCUITS 


349 


used will depend upon local practice and conditions. That is, 
if the nearby street-main is overhead, the theatre service will 
be overhead, at least as far as the theatre wall. And, if the 
street main is underground, the service will generally be 
underground. However, variation from this practice is 
sometimes necessitated because of the relative location of 
the theatre, other buildings, and of the street-main. Under¬ 
ground construction is preferable from the standpoint of safety 
and maintenance cos't, whereas ove: head construction is 
usually less expensive insofar first cost is concerned. 
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387. Theatres Are Usually Provided With Three Separate 
Services (Fig. 473) as folio ws : (1) The gt neraUpower service, M. 
(2) The emergency service^ K. (3) The general-lighting service, 
L. Where the power requirements of a theatre are small, the 
general power service may sometimes be omitted. The func¬ 
tion of each of the above-mentioned services is outlined in the 
following sections. 

Note.—«A Theatre Should Have At Least Two Services. (See 
Code Rule 38</.) If there are only two services, one of these services— 
the general-lighting service, (Sec, 393)—must have sufficient current- 
carrying capacity to supply energy for the entire equipment of the theatre 
while the other service—emergency service, (Sec. 390)—must be at least 
of sufficient capacity to supply current to all emergency lights (Sec. 402). 
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889. The Energy Which Is Required To Drive The Various 
Motors Is Delivered By The General-power Service (M, Fig. 

473). With the exception of the small motors which drive the 
projection machine, all motors, such as may be used to drive 
the ventilating and air-washing apparatus, organ blower, 
bilge pump, fire pump, vacuum-cleaning apparatus, motor- 
generator or converter, and the like, are usually served by the 
general-power service. The small projection-machine motors 
are driven by current from the general-lighting service (Sec. 
407). 

390. The Energy For Lighting The Emergency Lamps Is 
Delivered By The Emergency Service (/^, Fig. 473). These 
emergency lamps consist of those lamps which always remain 

lighted throughout the entire 
program, such as the aisle lamps, 
exit-door lamps, a portion of the 
lamps in the foyer, lobby, stair¬ 
ways, corridors, courts, and other 
portions of the theatre to which 
the public has access. See See. 
402 

391. Where Feasible, The 
Emergency Service And The 
General-lighting Service Must 

Fia 474—Where feasible, the emerg- _ _ j. ^ rn 

enoy service and the general-lighting -D© COnneCteU 10 Uinerent 
Her»u-e!ireionnoct«l to siparate street Street MainS, US SU^gt'.Stpd ill 

Fig. 474. Where it is impracti¬ 
cal to do this, the emergency-light feeder must be connected 
to a point on the street side of the main service fuses as 
shown in Fig. 475. In some installations where only one 
street-main is available, two separate services are run to the 
street-main and preferably connected to two separate trans¬ 
formers but sometimes to the same transformer, as shown in 
Fig. 476. Then, if frequent energy-supply failures occur, it 
may be necessary to have the lighting company run another 
main up to the point where the emergency service connects 
to the transformer; whereupon, the emergency service is then 
connected to the new main and a new transformer. 
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Noopb, —Some Citibb Ebqxtjrb, In Addition To The Ebotd:<ab 
Emergency Service, An Atjxiliart Storage-battery Energy- 
strppLY For The Emergency Cibcttits. The city of Cleveland requires 
this. The storage battery is only used when the regular emergency 
service fails. The storage-battery circuit and the regular emergency 
service are connected to the emergency-cabinet feeder through a double- 
throw switch. Frequently, this double ^/hrow switch is so operated by a 



Fio 475— Showing iiipthcxl of con¬ 
necting cinergcncv-lighting feeder to 
mam service on the street-side of the 
mam service switch 


Fio 47h —Showing emergency service 
and general lighting service connected to 
same transformer 


relay (Sec. 335) that when the regular emergency servi(*e fails, the switch 
is automatically thiown over and connects the emergency circuit to the 
storage-battery ciicuit 

392. The Reason For The Separate Emergency Service 

is to provide every reasonable assurance against failure of 
the emergency^' lights, which supply sufficient illumination 
to enable patrons to see their ways out of the theatre in case 
of failure—fuse-blowout due to short-circuit or ground—of 
the general-lighting circuit. Hence, only porcelain, keyless 
sockets serving only incandescent lamps, in which No. 14 
or larger wire is carried direct to the socket, is permitted on 
these circuits. Fans cannot be served from emergency cir¬ 
cuits. The vmttage of each eTnergency’-circuit branch is limited 
to 660 watts. 

Note.—The General-lighting Circuit Is More Subcbptiblb To 
Troubles Than Is The Emergency Circuit. This is because of the 
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fact that portable equipment, such as olivettes and bunch-lights are 
often plugged in on the general lighting circuit by means of stage pockets 
(Fig. 477). Grounds or shorts may occur in the cords which feed this 
equipment. It is a fact that all of these circuits should be properly 
protected with N.E.C. fuses. But in practice they are likely to be 
fusedwith nails, copper wire, or any other metal which the electrician 
finds handy when he is endeavoring to close a circuit quickly so that the 
performance may proceed. Furthermore, the apparatus in the projection 
booth—motion-jiicture machine and stereoptican arc lamps—and the 
motors which operate the projector and the rewinding machine, are all 



Fio 477 —A two-repcptai Ic stagp pocket {Fitink Adam Electric Co ) 


served from the general-lighting circuit (see 0, Fig. 482). This equip¬ 
ment, which is used almost continually, is liable to be the source of 
troubles which will interrupt the goneral-lighting-circuit energy supply. 

Note.—A Combination NoN-iNTEinmANOKAiiLE Ahc-ani>-incandes¬ 
cent Stage Pocket is shown in Figs. 477 and 478. A groove (G, Fig. 
479) is provided in the side of each plug. In the incandescent plug 
(Fig. 479-/), the groove, G, is m the lower part, and in the arc plug 
(Fig. 479-/7), the groove is in the upper part. If a round-head screw, S, 
is put in the upper of the two holes of the receptacle A (P'ig. 477), that 
receptacle becomes the arc receptacle. This is because, on account 
of the groove (G, P'ig 41^11)^ only the arc plug can be inserted therein. 
If the screw is inserted in the lower hole, as shown at JK, that receptacle. 
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7, (Fig. 477) becomes—on account of the groove, (?, in the incandescent 
plug, Fig. 479-7—the incandescent receptacle. Thus, when one screw is 
put in the upper hole of one receptacle, and another sciew is put in the 
lower hole of the other receptacle, the arc and incandescent plugs are 
non-interchangeable. 



MefaJ ConfiKfS 





lE-Arc Prug 


J?iG 479 — \rc ami incandescent: plugs 
for a combination stage pocket 


393. The Energy Which Is Delivered By The General- 

lighting Service (L, Fig. 173) is used to light all lamps in tho 
theatre except (Sec. 390) the eiueigericy and exit-sign lamps. 
That is, the general-lighting seivice eaiii(‘b the cmiout for 
the laniiis which light the: (1) (2) A itdiiorium. (3) 

Offices, (4) Signb. (5) TotUts. (0) Dressing rooms, (7) 
Rest rooms, (8) General illnminaiioy} of foyer and lobby. 
The distribution cent(‘rs whicli aie fed by feeders from the 
general-lighting cabinet are given in Sec. 404. 

Note.—The Voltage And The Kind Op CrnRENT-suppLY For 
Theatres will usually be that winch is the inon^readily available. 
However, the general practice is to use 110-220 volt, thrce-wirc, single¬ 
phase supply for the emergency- and the general-lighting circuits. The 
current for the power circuit is usually supplied at 220 volts, three phase. 

394. Each Service Must Be Provided With A Separate 
Service Switch, Service Fuses And Meter. The service 
switch and service fuses must, in general, be so wired and 

23 
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located as to comply with the Code requirements as outlined 
in Div, 3 for service entrances. The service switches and the 
main distribution panels may, if they arc located in a separate 
room which is accessible only to properly-informed persons, 
be mounted on an open switchboard. However, if they are not 
so located, they must be enclosed in suitable metal cabinets. 

Note.—The Type Of Service Fuses which are generally used for 
capacities of 800 amp. and below is the N.E.C. Standard (cartridge, or 
enclosed). For capacities of 1,000 amp. and above, open-link fuses or 
circuit-breakers are nearly always used. The cities of (Chicago and 
Cleveland compel the use of circuit-breakers for capacities greater than 
1,000 amp. 

395. The Most Desirable Location For The Service Boards 

service switch, service cutout, and meter—for each of the 
services (Sec. 387) is usually in the basement under the stage 
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Fig 481 — Service boards in lobby- 
basement. 


(Fig. 630), as suggested in Figs. 473 and 480. The principal 
reasons for this are: (1) The street mams are usually in the 
back alley and are nearer to the stage-hasevient than to any other 
part of the theatre. (2) There is usually more available space 
in the stage-hasemeiit, (3) They are readily accessible to the 
electrician. During the performance, the electrician is usually 
on the stage. Consequently, if trouble at the service boards 
develops, it may, if they are under the stage, be more quickly 
corrected by him than if the boards were located at the front 
of the building. 

Note.—It Is Sometimes Impractical To Locate The Service 
Boards In The Stage-basement. Inspection departments usually 
require that the service-entrance equipment be located as near as possible 
to the point (not over 3 ft. distant, unless lead-covered cable in iron con- 
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duit is used) where the service enters the buildings Therefore, if the 
public service company's mains are in the street in front of the theatre, 
it may, since in such cases the feeders are usually run underground, 
be more desirable to locate the service boards in the basement under the 
lobby as shown in Fig. 481. Whether the service boards are located 
under the lobby or under the stage will not materially affect the general 
locations (see following sections) of the various distribution cabinets. 

396. The Diagrammatic Plan For A Theatre Circuit Layout 

which is illustrated in Fig. 482, typifies that which is used in 


Ctectric Company.^, 
Street-Mams 



Stage Lights, Proscenium, 
roots, dorcfers And Pockets 


Branches To Dressing 
Rooms, Orchestra, 

Work Lights And Programs 


Fkj 4S2 —Showing diagrjiTuirmticaUv a general acheme of circuit lay-out for theatre 

wiring 


practically all medium and large-size modern theatres. How¬ 
ever, local conditions may necessitate slight variations from 
this general scheme. The plan as shown consists of three 
separate sets of services: (1) The generaUpower service, L, which 
supplies the current required for the large motors. (2) The 
emergency service, M, which supplies current for the emergency 
lamps. (3) The generaUlighiing service, N, which supplies 
current for lighting the stage, auditorium, basement, lobby. 
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offices, signs and the like. The circuits employed for dis¬ 
tributing the energy which is supplied by each of these three 
services are discussed in subsequent sections. 

397. The General-power Cabinet (C, Fig. 482) usually 
consists (see Figs. 536 and 552) of a combination of the service- 
entrance equipment -switch, fuses and meter—and the dis- 
trilmtion panel for distribut ing the energy to the various motors. 

The reason for combining Ihe 

. . . ■..- vr7| service-entrance equipment 

: i Auditorium , ■ aiid tlic distribution cciitcr at 

—_P ^ ' the same cabinet js because 

; o ^or oistnbution Pane/ : thc cciiter of the luotor load 

\ 1*5 usually near the stage- 

Mmra! i^wer iervice basomcnt, wliich is also noar 

Fig 4*^3 — Whni tho (enter of th» motor tllC SCrvicC CntrailCe. HoW- 
lottd IS locuttd al a < on'^nlt rable distance Jf |^be CCntcr of tllC 


i Auditorium 

era/ PcMer Cabinet [ 
QiStnbaiion Pane/ 
oproAimafe Center j 
Pioior Load) 

Genera/ Power /service 


Fig 4*^3 — Whrn tho <f nttr of th» motor Tile SCIVICC CnirailCe. IIOW- 
lottd IS locuttd at a < on'^nltruble distance Jf |^be CCntcr of tllC 

from the b(r\ice cntrince, then the dm ^ i i • r 

tnbution panel ib located near the motor- lUOtor load iS far reillOVCd 
load center and connected to the general the bCrvicO OntranCO US 

power service board by u att of feeders , 

shown m rig. 483, the 
general-power service board may consist only of the service- 
entrance equipment. In such cases, the power-distribution 
panel (Z>, Fig. 483) is located near the center of the motor 
load, Th(ui, it is connected to the power service board, C, by 
a single set of feeders, F. 

398. The Control Panel For The Converter Or Motor- 


generator In The Picture Booth (F, Fig. 482), is fed by a 
separate set of sub-feeders from the general-power cabinet. 
This control paind usually consists of only a sheet steel- 
enclosed externally-operated knife-switch (Fig. 556-//) which is 
propeily fused for the protection of the switch and branches. 

399. The Emergency Service Board (5, Fig. 482) nearly 
always consists of a properly-fused, externally-operated 
enclosed knife-switch (see Fig. 555-//), provided with 
meter-loops and two sets of connecting lugs. The service 
wires are connected to one set of these lugs. The meter and 
the feeders which supply the emergency distribution panel 
(Sec. 400) are connected to thc other set of lugs. The emergency 
service board is, even when the emergency-service entrance 
is at the front of the theatre (Fig, 474), seldom combined with 
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the emergency distribution panel. This is because (Sec. 395) 
the emergency-service entrance, and therefore the emergency 
service board are usually in the basement, and the emergency 
distribution panel is (Sec. 401) practically always installed in 
a room which is located on the first floor. 

400, The Emergency Cabinet ' Fig. 482) is the distribu¬ 
tion center for the current which lights the emergency lamps. 
This cabinet consists (I^'ig. 546) of an unfused switch and bris- 
bars for distributing cmTcnt to the various plug-fused branches. 
The switch, busbars and fused-eonnectioiis are mount<‘d on a 
suitable base of non-insulating material—usually slate—and 
the whole is enclosed in a metal cabinet. For a typical 
example of the circuits fed from an emcrgcn(;y cabinet (sec 
Sec. 452, Clause 34). 

Note.—Tub liuANru-riRcuiT Connections Op An Emeroency 
('abinbt Mav Or May Not Be Equipi’ED With BRANfai-oiRouiT 
SwfTC’iiKs. It is consickTod gjood praciifc, and a uunibcr of the larger 
require that these braneh-eircuit switches he ouiitted. The reason 
for the omission of these switches is because exj)erience has shown that 
if they ar<‘ provid<‘d, the manager wdll, during an afternoon perforinanee, 
turn off all of the (unergency lamps (Sec. 452, Clause 34, E-18j on the 
fire escapes, and in alJeyw'ays and courts outside of the theatre proper. 
Then if someone forgets to turn them ou for the evening performance and 
a fire or panic occurs, it may be disastrous for the p(‘ople from the galleric'^ 
and balconies to rush out upon unlighted fire escapes. 

401, The Emergency Cabinet Should Be Located In The 
Front Portion Of The House (see Fig. 531 and Code Kule 38^, 
Par. 3). li is usually installed in the lobby, foyer, front- 
doorman’s (dos(‘t, box office, manager's office, or in some other 
place which is readily accessible. 

Note.—The EMEiioENCY-CABiNBiT Main Switch (Sec. 400) may be of 
a type which is manually operated or remotely controlled. If it is 
a remote-controlled switch, the remotely-coutrolhug momentary- 
contact. push switch is usually enclosed in a glass-front cabinet and 
installed on a side wall of the lobby or vestibule (Fig. 531) just inside 
the main doors, (see (k)nE Hulc 38t) This glass front cabinet is pro¬ 
vided with a door and a lock, so tliat only authorized persons may 
normally have access therlo. The glass front is sometimes lettered 
with the words, *‘In Case Of Fire Break Glass And Push The ButtonJ^ 
Then if a fire occurs when no one is in the theatre, the firemen may, by 
operating this momentary-contact switch, light the emergency lamps. 
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402. The Emergency Lamps Should Be Of Sufficient Rating 
And Should Be So Arranged that, if all other lights fail, they will 
provide a well-lighted pathway from all parts of the theatre 



I lO 484—Details of exit sign (The wore' 1 xit is so rendered on the gliss that it 

appears red ) 

to the street. Also, binoe they must be kept l)iirning duiiiig 
the performance, the illumination provided theicby must not 
be excessive or a ^‘dark-house’’ effect cannot be obtained. 
Experience has shown that one 60-watt lamp, or the equiva- 
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Fig 485 —A lO-watt aislr-lamp fixture connected to the cmorgenc\ circuit and mounted 
on seat (TAe Brooktns Co ) 


lent thereof, for each 400 sq. ft. of main-auditorium and 
balcony-floor space (0 15 watts per sq ft ) will, if properly 
located, meet the above requirements The lamps within 
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the theatre which are connected to the emergency circuits 
are: (1) Exit-sign lamps (Figs. 484). (2) A sufficient number 
of wall and ceiling lamps in main auditorium^ balcony, corridors, 
stairways, foyer, lobby, and all other places within the theatre 
which are generally accessible to the public, to provide at least the 
average wattage per square foot as given above. (3) Aisle 
lamps if any, (Figs. 485, 48B and 487^^ In addition to the 
above-mentioned lamps, all outside alleyways, courts, r 



Tio 4&G —Showing method of wiring in aible-hght fixture, when aiele hghtB are 
proNided after theatre has he in finiuihcd In a new t uddmg, the outlet box, B, may 
be inHtalled flush with tlje floor 


fire escapes, which may be used by the public in going from 
a theatre evit-door to the street should be well illuminated by 
lamps which arc connected to the emergency circuit. 

Note.—Any EMEitanNCY Lamp Should Not Have More Than One 
Set Oi* Fusi's (those in panel E, Fig. 482) between it and the main 
emergoncy-serviee fuses (those in panel B, Fig. 482) See Code Rule 
38^ Par. 2 

Note.—Although The Exit-sign Lamps Are On The Emergency 
Circuit, Strictly Speaking They Are Not Emergency Lamps. It is 
only intended that the exit-sign lamps shall act as markers to indicate 
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the location of the exit doors. The exit-sign lamps are not intended to 
provide any illumination, and therefore are not to bo considered in 
computin*!, the total emergency-lamp wattage. In many cities, the exit 
signs must be provided with both gas and electric illumination. In such 
places, if gas is not available, the exit sign must, in addition to the 
elt ct ric lamp, be provided with an oil lamp 



403. The General-lighting Cabinet (^4, Fig. 482) usually 
consists (Fig. 535) of a combination of the service-entrance 
equipment—service switch, meter IcKips, and seivice fuses— 
and the neces.sary busbars iind 1 used-connect ions for the 
various ieeders which supply eneigy to the cabinets that are 
mentioned in the following section. Tlie general-lighting 
service board and the cabimd containing the distribution 
center for the fee<ler connections may, as suggested in Sec. 
395, be separate and located in different parts of the building. 
However, this is the exception and not the rule. The two are 
usually combined and located (Fig. 530) in the basement under 
the stage. 

404. The Distribution Centers, Or Cabinets, Which Are 
Ordinarily Fed Through Feeders From The General-lighting 
Cabinet arc (sec Fig. 550): (1) Sign Cabinet, (2) Front- 
doorman^s Cabinet, (3) Dressing Room Cabinet^ if any. (4) 
Shop Cabinets^ —business places, offices and stores—if any. 
(5) Stage Switchboard, Each of these cabinets and the branch 
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circuits which are fed therefrom are described in detail in the 
following sections. 

406. The Sign Cabinet (/S, Fig. 482) which serves the electric 
signs and which is fed (Fig. 550) from the general-lighting 
cabinet (Sec. 403) by a separate set of feeders, is usually located 
along side of the front doorman’s cabinet (Sec. 406). How¬ 
ever, in sonic installations wliich have a heavy sign-lighting 
load, the center of which is far above the street level, it may be 
more economical to install the sign cabinet (S, Fig. 488) in 
some suitable place on the third or fourth floor near the 
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sign load ccntci. In such an installation, the sign-cabinet 
switches are usually of the remote-contioiled typo. Then, 
the sign cabinet is fed by a direct feeder from the general- 
lighting cabinet, and only the necessary control wires for the 
remote-controlled switches are run from the sign cabinet to the 
controlling momentary-contact switches which are installed 
in the box office, manager’s office, or in the trim of the front- 
doorman’s cabinet. The design of the sign cabinet will 
depend upon the signs which are to be served. In general, 
this cabinet consists (Fig. 547) of the busbars, and a number 
of knife or remote-controlled switches, each of which controls 
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a number of fused 660- or 1,320-watt branch circuits. The 
sign cabinet serves (Sec. 452, Clause 36) such signs outside 
the bux.ding as the roof signs, outside-entrance canopy lamps, 
attraction signs, and the like. 

406. The Front-doorman’s Cabinet (or Lobby Cabinet, 

G, Fig. 482) is usually located (Fig. 531) somewhere in the 
front portion of the theatre near the lobby or foyer, and pref- 
erfll/’y in a room which is near the front-doorman’s station, 
such as the front-doorman’s closet, the check room or some 
similar place. This cabinet is generally provided (Fig. 545) 
with an uiifused main switch and bus-bars which feed the 
requnv*fl numtier of 660- or 1,320-watt plug-fused branch cir- 
Cviits. Each of those branch circuits is generally ('quipped 
with a brancli-circuit switch. These braneh circuits servo 
all lamps which a’^e us<h1 for general illumination in the front 
portion of the theatre (Sec. 452, (lause 32), such as the lights 
in the lobbys, foyers, canopy, picture booth, corridors, stair¬ 
ways, ladies’ and men’s parlors, check rooms, box office, 
manager’s office, ushers' rooms, janitors' closet, and the 
like. The front-doorman’s cabinet is sometinu's called the 
lobh^ cabinet. For a typical example of the circuits served 
by the front-doorman’s cabined, (see See. 452, ('lause 32). 

Note.—Some Op The Branch Circi its Op The Front-doorman’s 
Cabinet Should Be So Connected AjIead Op The Main Switch that 
they will not be disconne( ted from die enerirv Koiiree when the mam 
switch is open. In general, the bninches which should be so connected 
(Sec. 452, Clause 31) are those which serve tht* picture-booth cabinet, 
the lights in the manager’s ofliee, box ofhee. ushers’ rooms and janitors’ 
closets. The reason for this is that the above nH*ntione(l circuits may be 
switched on by their individual braneh-eircuit &witch(‘s without having 
to close the cabinet mam sw'iteh. If it is necessary to close the main 
switch of the front-doorman’s cabinet to light the above-mentioned 
places, the janitors or ushers will, when entering the building during 
the day, close the main switcli and fail to turn off the other branches which 
are in this cabinet, thus causing a large energy-waste. 

407. The Picture-booth Cabinet, (0, Fig. 482) which is 
located (Fig. 531) in the picture booth, is fed by a sot of sub- 
feoders —usually two ]No. 12 wires— from the front-doorman’s 
cabinet (Sec. 452, t^ause 39). The picture-booth cabinet 
usually consists (Fig. 548) of a four-circuit panel, each branch- 
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circuit connection being provided with a set of fuses and a 
switch. One of these branches serves the lamps for lighting 
the picture booth and the converter room. The other three 
branches usually serve the two picture-machine motors and 
the rewind motor. 

408. A Profitable Current-savkig May Sometimes Be 

Effected By A Careful Selection Of The Circuits To Which 
Those Lamps In The Front Portion Of The Building Are 
Connected. For example, if the lamps in the lobby and 
on the canopy are properly divided (see Sec. 462; Clause 
34, and E-2; Clause 32, (?-l, G-2, (?-6, G-7 and (?-37 to GA2; 

aiid Clause 36, S-1 and iS-3) between the emergency cabinet, 
the front-doorman’s cabinet and the sign cabinet, it may be 
profitable, after the performance is well tmder way to turn 
out soiiK* of the lamps in the front part of the building. That 
is, turn out some of the outside entrance-canopy lamps which 
ar(' served from the sign cabinet, or turn out some of the 
canopy or lobby lamps which arc served from the front-door- 
man’s cabinet. Then, the lamps which arc on the emergency 
circuit, and those that are served by the front-doorman’s 
cabinet and the sign cabinet which have not been turned out, 
must give the desired illumination for this portion of the 
building. 

409. A Dressing-room Cabinet is sometimes used in those 
installations where there are a large number of dressing 
rooms. When used, this cabinet is ordinarily installed in the 
stage-doorman’s closet. This cabinet should consist of a 
cabinet main switch, the busbars for feeding the required 
number of 660-watt fused branch-circuit connections, and 
branch-circuit switches. This cabinet serves the lights in 
the dressing rooms, musicians’ rooms, furnace room, passage 
ways, and all other parts of the stage basement. When a 
dressing-room cabinet is provided, it is fed and controlled 
(see switch No. 25, Fig. 500) from the stage switchboard. 
In installations where a dressing-room cabinet is not used, 
the distribution center for these circuits is (Sec. 452, Clause 
28) at the stage switchboard, from whence they are controlled. 

410. A Shop Cabinet (J, Fig. 488) is usually employed to 
feed the shops or offices which may be contained in the theatre 
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building. This cabinet, which is located (Sec. 452, Clauses 
44, 45 and 46) near the shop load, is fed (Fig. 550) by a sepa¬ 
rate set of feeders from the general-lighting cabinet {Aj Fig. 
488). If the owner of the building furnishes light to the 
tenants, all of the power used for lighting the building is 
usually metered at A, Fig. 488. Thus, the power can usually 
be purchased at a lower rate, than if the lighting power which 
is u^cd by the tenants is metered sejiarately. However, if 
each tenant r^ys for his own powTr, the feeder which supplies 
J Tria> be c<mneeted (Fig. 535, circuits 2 and 3) ahead of the 
meter loops at .1, Fig. 488. Then a separate meter for each 
tenant iS connected into the various sub-feeders at ./. A 
separate distribution panel, K, which is fed from J, is then 
provided fm each tenant. 

411. The Stage Switchboard (/>, Fig. 482) is fed from the 
general-lighting cabinet. The terminology, types, and cir¬ 
cuits of stage switchboards will now be treated. 

412. The Lights Which Are Generally Controlled From 
The Stage Switchboard May Be Classified as: (1) The hovae 
lights. (2) Th{ stage lights, (3) The work lights. Each of 
these terms is hereinafter define^l. 

413. The House Lights (see Sec. 452, Clause 30, Z>-38 to 
£>-48) are those lights \Nhich are used for the general and 
decorative illumination of the auditorium and balcony. 
These lights are usually of one color, or of three colors. If the 
house lights an' of only one color, Diey an' usually white or 
amber. If there is more than one color of house lights, tlu* 
colors which are i)rovide(l are usually white or amber, blue, 
and red. In sucli a three-color installation, tlie sum of the 
number of the blue lamps and the red lamps is practically 
always e(}ual to the nuniber of white lamps. However, 
sometimes the house' lights consist of ecjual numbers of white 
or amber, red, and bhu' lam])s. 

414. The Stage Lights are those lights (see Sec. 452, C^lausc 
30, Z)-2 to £>-3()) which are used to provide the illumination 
and the decorative effect of a scene on the stage. The princi¬ 
pal stage lights consist of: (1) The footlights. (2) The 
proscenium lights. (3) The border lights. (4) The arc and 
incandescent pocket lights Frequently other stage lights are 
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provided, such as spot lights located in the ceiling over the 
orchestra pit. The stage lights nearly always consist of three 
colors; white, red, and blue, m the same proportions m that 
given in Sec. 413 for the house lights. 

Noth.—The Number, Wattage, Ant Locationr Of The Various 
Stage Lights for proper illunimatioii of stages of different dinieubionp 
may be determined from the data as tabulated m Figs 488A and 488B. 
These illustrations are self-explanatory. 
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Fio 4SSA—Chart sho'Miug nunibcrH of and wattage of lamps for foot and border 
hghtH for stages, based on d< pth of sfagt and width of proscenium opening as indicated 
in 1 ig IKHlt (T opyt%tfht by Irani. Adam Ehctrtc (o St Iovis, Mo ) 


416. The Work Lights (sec 8er. 452, Clause 28) are all of 
those lights, that are controlled from the stage switchboard, 
which are used to provide illuiumation for the theatre 
employees. The work lights generally consist of the orchestra 
lights, gridiron lights, fly-gallery lights, dressing-room lights, 
bracket lights located on the walls back of the stage, and the 
like. All of the work lights are white lights. The gridiron 
or ngging loft is the open floor formed by the horizontal frame¬ 
work which carries the pulleys over which the lines pass 
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whereby the drops, border lights and the like are raised and 
lowered. The gridiron occupies the space over the stage near 
the roof. 



Tio 488B—Diagram of stage and proscenium for duncnsinus which are tabulated m 
Fig 488A iCopyrtfjht bjj Frank Adam Electrtc Co St Louts, Missourt ) 

416. The Following Are Definitions Which Relate Specifi¬ 
cally To Stage Switchboards And The Circuits Controlled 
Therefrom: 

A Rbmotb-c<jntrol Switchboard is a complete equipment whereby 
switching is effected by remote-controlled switches. An electrically- 
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operated remote-control switchboard comprises two essential elements: 
(1) The pilot board (Fig. 507). (2) The remote board (Fig. 608). 

A Remote Boakd (Fig. 608) is an equipment comprising remote- 
controlled switches, the required busbars, and the supporting structure. 
A remote board, usually consists of a structural steel frame, on which are 
mounted the remote-controlled switches, together with the necessary 
wiring and busbars for connecting the remote-controlled switches with 
the circuits controlled by them. When the board is not installed in a 
fireproof room or vault, it is enclosed in a sheet steel cabinet which can be 
locked. 
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Fio 1M9 —PiAgram to illustrate stage switchboard nomenclature \11 of the sub- 
feeders uhich fwd house and stage circuits feed through magazine panels as shown above 
at F. 


The iStaoe Switchboard Feeders (A, Fig. 489) are the conductors 
winch connect the gencrul-lighting cabinet to the stage switchboard bus- 
liars. 

The Stage-main Switch Or ^^STAGK Main^’ is the switch (>S\ Fig. 
489) through which all of the current flows for lighting the stage lights 
(Sec. 414). Thus, when the “stage main“ is open none of the stage 
lights can be illuiiiiiiated. This swdtch is also sometimes called the 
alage^maeter smteh or the stage-hvll s^vitch. 

The House-main Switch Or ‘TIouse Main^' (//, Fig. 489) is the 
switch through which all of the current flows for lighting the house lights 
(Sec. 413). Tliis switch is also called the house-master switch and the 
house-hull switch, 

A Oolor-main Switch Or “Color Main” (IF, R, and R, Fig. 489) is a 
swdtch through which all of the current flows for lighting the stage lights 
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(Sec. 414) or the house lights (Sec. 413) of any one color. Thus, if the 
^ Vhite main'^ (IF, Fig. 493) is open, none of the lights—'‘stage whites''— 
which are controlled by switches Nos. 10, 7, 4, 1, 16 and 13 (Fig. 493) 
can be 1‘ghted. Color main switches are usually provided on a manually- 
operated (See. 423) non-interlocking switchboard. On a manually- 
operated interlocking switchboard (Sec. 424), the function of a 
color-main switch is performed by a master lover (B, i?, and W, Fig. 
494). A color-main switch is also sometimes called a color-master switch, 
or a hull switch, 

A iVlAOAziNK Switch (Af, Fig. 489) is a switch through which all of the 
current fio^vs for lighting the lamps w'hich arc connected to one section 
of the magazine panel. 

A Magazine Sim-FEEDER (L, Fig. 489) is a set of conductors extending 
between a magazine switch and a magazine panel and through which 
elcctrual energy ib .supplied to a section of the magazine panel. 

A Magazine Panel (Z^ Fig. 489) is a distributing panel for such ()(K)-or 
1,,329-watt branch circuits jus arc fed through the magazine .sw itches of tlie 
stage switchboard. Thus a magazine panel cornprisejs the bus-bars, T 
and the branch-circuit fuses, A’, through w’hich the magazine circuits are 
fed. 

A Magazine Cihouit (Fig. 489) comprises all of the 660-or 1,320-watt 
branch circuits, which serve the various outlets that connect to the bu.s- 
bars of one section of the magazine panel. A magazine circuit may 
consist of only one 060- or 1,320-w'att branch circuit. 

A Pilot Board (Fig. 507) is the switchboard, in a remote-control 
installation, which comprises the pilot switches, the intcr-connerting 
conductors between Ihe pilot switches and the supporting structure for 
both. 

An Individual Pilot ►Sw itch (Fig. 510) is a switch on a pilot board 
which is so connected that it can be used onl3'^ to control the electromagnet 
circuits of one remote-controlled switch, A pilot switch is a remotely- 
controlling switch. 

A Sub-master Pilot Swutch is a pilot switch whi(*h is so connected 
that it may be used to control the electromagnet circuits of two or more 
remote-controlled switches. 

A Master-pilot Switch is a pilot switch w hich is so connected that it 
may be used to control the circuits of two or more sub-master pilot 
switches. 

The Constant-circuit Sw^itchkr (Fig, 519) on a stage swdtehboard 
are the switches, which open or close the circuits to the rigging-loft, 
orchestra, attic and sometimes the dressing-room lights, and the lights 
in other places where stage or auditorium lighting effects are not required. 
The circuits which these constant-circuit switches open and close are not 
fed through the "main" switch, if any, and are not controllable by a 
pilot switch if any (see Sec, 415). The tcer/pare controlled by 
constant-circuit switches. 
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417. The General Scheme Of Circuit Control Which Is 
Usually Provided On All Stage Switchboards is indicated in 
Fig. 490. Nearly all theatre stage switchboards control 
more circuits than are shown in Fig. 490. For example there 
may be three borders, instead of only one, as shown. If 
there were, say, three borders, the white lights of borders 
Nos. 2 and 3 would be provided with a separate magazine- 
panel section, dimmer, and magazine switch, and would be 


,Mocfai!ne^P^nel Board Mounted 

Tbp Of Or^hind Stage Switchboard^ . Switchboard 

Stage Switchboard ^ ^ 


i.i>! 

vS 


NVhHe 


' Maaazine^ 
Swt chc'i 


dluc 


^X^btage- 

Main 

Hou^e- 

Main) 


For Hou^e 
Lights 

for Work 
Lights 




White Foots 
” Prosceniurn 
Hi-jj I'i: " No.l 

i^''vtw\/VSAA. I t- ^Red Foots 

•• Proscenium 
j ** Border No.l 


Blue toots 


• *’ Pro*>cenjum 

»• Border No.l 

^14 -'''^ ^-1 The Number Of 
* — * I r These Circuits Will 

'TT‘----r{ ^ lllsuail^ Dt'penci Up- 






^ -^ ^on The SItc ^nd. 
i'l—;r‘~HIH oral Design 

Of Tno Theater. 

Orchtstta 
- Dressing Rooms 
-Ondiron ftt Fli) Gallery 
-Stage Work Lights 
B()Ik»r Room 


lamps ■ 



I Magaitne- 
Pa^ch 

Fiq. 490.— llluHiratiiig the Reneral scheme of circuit control which is usually provided 
on stage switchboards. 


connected in a manner similar to that for Border No. 1. If 
the liouse lights consist of three colors, the house circuit would 
be subdivided according to colors in a manner similar to that 
employed for the stage circuit. For specific examples of 
actual stage switchboards, see subsequent sections. 

418. The Requirements Of Stage Switchboards Are Very 
Exacting. The currents which must be handled are relatively 
large. Furthermore, space on the stage at the side of the 
proscenium arch where the switchboard must always be located 

is at a premium. Therefore, it is essential that the switch- 
24 










l-End View Of E'PerjpectIve View Of Swit&hboorol And 
Swlfthboard And Mogozine Panel 

Dimmer 6anK 


Fio 490A—Insfiillation arrangeruent of stage sviitchbonrd and magazine panel as 
recommended by tlie Mutual fUctni, <fr Machxiie Co (The cables from the gcmral- 
lighting cabinet usually run to the mnin-house and main-stage siMtches from whence the 
current is then conducted through busbars to th« mvgazinc switches, then through the 
wiring channel to the dimmers and from there to the magazine pahel or direct to 
the ciromts controlled ) 

the house and stage lights. This may involve a change in the color of 
the light. Also, the design should be such that he can gradually 
change the brightness of any combination of an> house or stage lights by 
using the dimmers. 

419. The Location Of The Stage Switchboard is usually at 
the right-hand side of the proscenium arch when standing on 
the stage facing the audience (see Fig. 531), The reason for 
such location is that most of the portable lighting equipment 
that is carried by travelling comi)anics is made ^^right- 
handed.'^ That is, when the portable equipment is placed on 
the stage facing the audience, the leads connecting to it are 
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on its right-hand side. In some theatres, the stage switch¬ 
board is, because of space or other limitations, installed at the 
left-hand side of the proscenium. This location is the excep¬ 
tion rather than the rule. 

420. Theatre Stage Switchboards May Be Either *‘LiTe 
Front” Or “Dead Front.” However since the Code (Rule 
38c) now prohibits the installation of live-front stage switch¬ 
boards, it is not probable that they will ever again be used in 
this country. Therefore, the following material in this book 
will treat exclusively of dead-front switchboards. 

Note.—The Stage Switchboard For Small Moving Picture 
Houses May Sometimes Be A Live-front Board Provided It Is 
Enclosed In A Steel Cabinet. The following? paragraph, by H. S. 
Wynkoop, Chief Electrical Inspector, New York C'ity, which explains 
the practice in Now York City, probably oxemplilies the practice of 
electrical inspection bureaus of other cities: 

^‘Litorallv, the Code requires dead-front switchboards for moving 
picture establishments, even if there is no stage. We draw a distinction, 
however, between such a house and one which has movable borders, 
footlights, proscenium side-strips, stage pockets and other facilities for 
staging a regular dramatic or operatic performance. In the mere picture 
house, with its footlights and lights outlining the proscenium arch, 
there is no point in calling for a dead-front switchboard; and in fact the 
switchboard reduces itself to n simple panel inclosed in a cabinet. A 
thini class of house with wdiich we have to deal includes Ucture halls and 
school auditoriums. If the stages of these rooms are cfiuipped for the 
giving of operatic or dramatic shows, we class them as theatres; but if, as 
is usually the case, they are not so equipped, and are used a few times a 
year for amateur theatricals, additional and temporary wuring is per¬ 
mitted under close supervision, and this wuring is taken from the panel 
board.'* 

421. Stage Switchboards May Be Either of The Manual 
Type Or Of The Remote-control Type. A manual switchboard 
is one, the lighting switches of which are mounted direetly on 
or behind the l)oard itself, and operated directly by the hand. 
A remote^control switchboard is one, the lighting switches— 
remote-controlled switches, Div. 8—of whieh are located in a 
convenient place remote from the control switchboard—pilot 
board—and which are operated therefrom electrically by 
suitable control switches—pilot switches—which are mounted 
on the pilot board. 
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Hcmi.—ThmeticaMy, Remote-control Switchboards May be Remoteli/ 
Conti oiled Either Mechamcally oi EUilncally. In a mechanical remoto- 
confr ! hoard, the lightuig-j'iicuit mvifches would be located at some 
point distant from the control board itself and operated therefrom, 
through a system of links and levers, just as is done (Sec. 315) for mechan¬ 
ical remote control of power and lighting switchboards. The ease and 
flexibility of control, which is provided by the electrically-operated remote 
control board would not be possible wnth a mechanically operated one. 

422. Manually-operated Dead-front Stage Switchboards 
May Be Classified According To Construction as: (1) Non- 



Tia 491 Front \ifw of non-intcrlockina, doacl-lront manuallv-operated ataicc 
switchboard (Mfrd Tin Trumbull Eltrlrtc MJu (o for tbt Boachani Theatre, 
Orlando, Fla ) 


interlocking. (2) Interlocking. A non-interlocking board is 
one wheroin each individual switch must be operated sepa¬ 
rately and indopondontl}^ of every other switch on the board. 
However, a board of this type is usually so wired (Sec. 423) 
that the lamps which are controlled by a number of magazine 
switches (ilf, Fig. 489) may be simultaneously lighted or 
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extinguished by a “main” switch (F, B or B, Fig. 489). 
An interlocking board is one wherein the various magazine 
switches (M, Fig. 489) may be mechanically interlocked to a 
shaft. Then, upon operating this shaft by means of a master 
lever, those magazine switches whi 'i have been interlocked 
therewith, may be simultaneously opened or closed. Thus, 
those lamp-groups which are controlled by the magazine 
switches that have been so intcrlockeil iiia^ be simultaneously 
lighted or extinguished. The mechanical construction of 



I'lG 492—lUar tiew of non-mterlotking, <iead-fiont, manually>optrated stage 
switchboard (Mfr’d by The Trumbull Ehclrtc Mfg Co for the Beaoham Theatre, 
Orlando, I'la ) 

switches and operating mechanisms which aic used on certain 
dead-front manually-operated switchboards is explained and 
illustrated in Sec. 427. 

423. A Typical Non-interlocking, Dead-front, Manually- 
operated Stage Switchboard is shown in Figs. 491 and 492. 
The wiring diagram and schedule of connections is shown in 
Fig. 493. The dimmers, which are mounted above the 
switchboard, are not shown. 

















-Winn« diagram of non interlocking, dead front manual!J^-ope^a^ed stige switchboard Full lines indicate busbars Dotted lines indicate 
rubber-covered copper conductors (Mfr*d by The Trumbull blectn \ftj Co f »r The Reacham Theatre, Orlando, Fla ) 
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424. An Interlocking, Dead-front, ManuallyH>p6rated Stage 
Switchboard is shown in Figs. 494, 495, and 496. The 
switchboard wiring diagram is shown in Fig. 497. As indi¬ 
cated in Fig. 497, the stage lights that aie controlled by 
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1 la 494—Front view of interlocking, dead-front, njanually^'operatod stage switch¬ 
board (Manufactured by thePnnplc Lfecflitaf ^//{/ Co for the Hippodrome Theatre, 
Buffalo, N Y ) 


switches Nos. 8 to 24, inclusive, luuy bo extinguished by open¬ 
ing the stage-main switch, No. 45. That is, switch No. 45 
controls all of the switches Nos. 8 to 24, inclusive. Any or all 
of the switches No. 20 to 24 which control the blue stage 
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1*10 195 —Hoar vit\^ of intcrlotking <lead front iimnvirtlly op(rated Btngi hwitdi- 
boari showing dimensions fuse and switch sizes (Manufat tured b\ I he Pringle 
EUctneal Affg Co for the Hij)podronie Iheatrc Buffalo, N \ ) 



Fig 496—Rear view of interlocking dead-front manualU-opnated stage switch¬ 
board showing busbar construction (Manufactured by T?ie Pringle Electrical Mfg 
Co for the Hippodrome Theatre, Buffalo N Y ) 
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lights, may be simultaneously opened or closed by interlocking 
them on the shaft and then operating the blue master lever, 
B (Fig. 494). Similarly, the red stage lights, the white stage 
lights, the stage-pockets, and the house lights may be con¬ 
trolled, respectively, by their master levers, W, A and H, 
Fig. 494. No master handle is provided for the independents— 
switches Nos. 33 to 44, inclusive; consequently, to light or 
extinguish the lamps which are controlled by these switches, 
each switch must be individually and separately operated. 



Fio. 4Q7—Wiring diagram of interlocking, dead-front, manually-operated stage 
switchboard. (Manufactured by The Prxngle EUctrxeal Mfg Co for the Hippodrome 
Theatre, Buffalo, N. Y ) 


Note.—A Similarity In The Controls Which Abe Provided By 
The Non-interlocking Switchboards may be noted by a comparison 
of the wiring diagram of Fig. 493 and the front view of Fig. 494. That is, 
the white main, Fig. 493, and the master lever, Ti^, Fig. 494, control 
the stage white lights. The red main, JK, Fig. 493, and the master lever, 
72, Fig. 494, control the stage red lights. The blue main, B, Fig. 493, 
and the master lever, B, Fig. 494, control the stage blue lights. Switch 
BAf, Fig. 493, and switch No, 45, Fig. 494, control all stage lights. 
Switch RC 5 (Fig. 493) and master lever H (Fig. 494) control the house 
lights. Switches Nos. 19 to 27, inclusive, (Fig. 493) correspond to the 
independents—switches 33 to 44—of Fig. 494. Hence, from the above 
comparison, it is seen that essentially the same control is provided by the 
electrical connections of Fig. 493 as that which is provided by the mechan¬ 
ical interlocking mechanism of Fig, 494. 

426. An Interlocking, Manually-operated Stage Switch¬ 
board Which Is Provided With A Grand-master Lever is 
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shown in Fig. 498. The wiring diagram and the control 
schedule for this switchboard are shown in Figs. 499 and 500. 
Any or all switches in each horizontal row of magazine switches 
(Fig 498) may be interlocked so that they can be operated by 
their respective master levers, W, B, R ot H, for that row. 



Fia 498—Interlocking dead front awitehboard for Bay Ridgo Theatre, Brooklyn, 
N. 1 , provided with master and grand master levers (Sprtigue Electric IVorke ) 


t urthermore, the clutches C, may be so set that either one or 
all of the three upper horizontal shafts will be interlocked with 
the link, L. Then, by operating th<* grand-master lever, G, 
those magazine switches which are so interlocked to the hori¬ 
zontal shafts may 1x» either opened or closed. 
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Exampi^.—A ssume that a scene opens with the white foots, and white 
left and right prosceniums, white border No. 1, blue borders Nos. 2 and 
3, and red border No, 4. At a certain cue all stage lights are to be 
extinguished except the white foots and white border No. 1. The stage 
electrician locks all three clutches, C, to the link, L, He then interlocks 
magazine switches (Figs. 498 and 500) Nos. 1, 9, 10 and 16 with their 
respective shafts. Then upon receiving the cue, he pulls the grand- 



Vui tua 'Ut*«r viow wiring diagram of interlocking stage switchboard (Manufactured 
by The Spratjue Ehrtnc IVtyrka for Bay Ridge Theatre, Brooklyn, N. Y.) 

nuifltor lever, G. This extinguislies the loft and right prosceniums, blue 
])ordcrs Nos. 2 and 3, and red border No, 4, leaving only the white foots 
and white border No. I lighted, 

426. A Manually-operated, Interlocking Stage Switchboard 
Provided With Pre-set Master Levers is shown in Fig. 501. 
As indicated in Fig. 501, this switchboard is also provided 
with a grand-master lever. Each liorizontal shaft consists 
of a shaft within a shaft. The mechanism is so constructed 
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that the magazine switches, M, may be interlocked with either 
of these shafts. Master lever A operates one shaft, and master 
lever B operates the other shaft. Hence, three of the maga¬ 
zine switches, M, may be interlocked with the shaft which is 
operated by A, and the other three switches between A and B 
may be interlocked with the shaft which is operated by B. 
Then, by simultaneously pulling downward on A and pushing 
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Fia 500—Control schedule for stage switchboard m Bay Ridge Theatre Brooklyn, 
N "i (Spraffuc fAectric B orA » ) 

upward on B, anj- of the switches may be closed and the 
remainder of the switches oiicned at the same time Thus, 
with a boaid of this type, it is sometimes possible for the 
switchboard opeiatoi to so pie-set the switches that a lighting 
change can be instantly effected by operating one or more of the 
master levers. Furthermore, this switchboard is provided 
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with a grand-master lever, which operates the same shafts as 
those which are operated by the master levers, B. Thus, by 
interlocking switches M with the shaft which is operated by B, 
the grand-master lever may be used to simultaneously open 
or close any desired number of magazine switches in two or 
more horizontal rows. 



Grand Mosfet 


Fio 501 —Interlocking, dead-front, manually-operated stage switchboard pro¬ 
vided with grand-master lever and ‘‘Pre-set’’ master levers. (^Metropolitan Electric 
\tfo Co ) 

Notk.—Tub Helativb Location Of The Dimmers, Switchboard 
And Maoazjnk Panel Kok A Typical Manually-operatfd Stage- 
switchboard Installation is shown in Fig. 502. The dimmer bank is 
usually mounted above the switchboard. In large installations where 
sufficient space is available, the dimmer bank is sometimes located at 
the side of the stage switchboard. The magazine panel is located in 
rear of the switchboard. Sufficient space must be provided between the 
switch board and magazine panel so that fuse replacements may be 
readily made. The sheet-steel cross-connecting ducty D, sometimes called 
a tangle-box raceway^ pull box or merely raceway is located directly behind 
the top of the switchboard and bridges the space betw^een the board 
and the top of the magazine cabinet. The function of the cross-connect¬ 
ing duct is to provide a single metal raceway for all of the conductors 
which run from lighting-circuit switches on the switchboard to the 
magazine-panel cabinet. 

426A. A Manually-operated Pre-set Dead-front Stage 
Switchboard is illustrated in Fig. 502A. The pre-selective 
feature (Sec. 430) is provided by the construction of the 
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magazine-switch lcv(‘r mechanism Ch'ig. 502B). Switdi- 
boards of this tyjie are regularly manufactured with any 
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Fio. 502. End view of manually operated stage switchboard showing relative positions 
of switchboard, dimmers, and magazine panel. {Electrical Mfg. Co.) 

desired number of switches arranged, usually, in three or 
four horizontal rows. When so constructed, they may be 
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equipped with a grand master lever which may be operated 
to control any of the magazine switches on the switchboard. 
The principle of operation of such a switchboai'd is explained 
below. 

Note.—The Operation Of The Mancally-opbrated Pre*8Ei.bct> 
ivE Stage Switohboaud (Figs. 502A and 502C) is, briefly, as follows; 
The beanng casting, B, Fig. 502B, is rigidly fastened to the shaft S, so 
that operation of the master lever (M, Fig. 502A) rotates the bearmg 



Fio .502A —Four switch levers of a manually-operated pre-«eleotive Rtage awitclh 
board The pro-set lever (L, Fi« 502B1 is shown in the four different positions. 
{Mutual Electric A Machine Co., Detroit, Mich ) 

casting of each magazine switch on the .shaft, whereby the switch may 
be opened, closed or not moved depending on the position of the pre¬ 
set lever. The magazine switch liandle is eonneetod by a link to the 
switch by an arrangement similar to that sho\Mi in Fig, 604. The pre¬ 
set lever, L, Fig. 502B, has four positions: (1) Off. (2) Posiiive. (3) 
On. (4) Independent. When the pre-set lever L, is in the Ojf position 
(A, Fig. 502A), operating the master lever downward will open switch 
A, but operating it upward will not close A. With the pre-set lever in 
the On position (B, Fig. 502A) operating the master lever upward will 
close switch B, but operating it downward will not open B. With the 
pro-flet lever in the Pos (positive) position (C, Fig. 502A), operating 
the master lever downward will open C and operating it upward will 
close C. If the pre-set lever is in the Ind (independent) position (D, 
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Front ticvatlon 


Fw. 502B ~Maga*iii» switch lever meohamsm of a manually-oporated pre-selective 
stage switchboard {Mutual Electric Jt Madnne Co , Detroit, Mich ) 


c c c 

L-' 5iv/tch C/useaf i Pre^Sef t 
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Fio. 502C.—The four “ pre-setting” positions of the xuanually-operated pro-selective 
switchboard. (In effect, II is connected, by a link, to the switch about as shown in 
Fig. 504. With th€‘ pre-set lever in the off position as shown at /, further operation of 
S by the master lever {M, Fig. 502A) wtll not move the switch after it is closed. Simi¬ 
larly, with the pre-set lever in the on position (TIT) after the switch is closed by S, 
further operation of S will not open the switch ) 
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Fig. 502A), switch D cannot be opened or closed by operating M. The 
switchboard operator pre-sets for a scene as follows: The pre-set levers 
of those magazine switches that control the lamp groups which are to 
remain either lighted or extinguished for the next scene are placed in the 
Ind position. The pre-set lovers of those magazine switches that con¬ 
trol lamp-groups which are not then lighted but which are to be lighted 
for the next scene arc set in the On position. The pre-set levers of those 
magazine switches that control lamp-groups which are then lighted but 
which are to be extinguished for the next scene are set in the Off posi¬ 
tion, Then, when the cue for the next scene is received, the switchboard 
operator moves the master lever downward and then upward. This 
provides, almost instantaneously, the desired lighting effect for that 
scene. 


427. Some Of The Various Types Of Switches Which Are 
Employed In Dead-front Manually Operated Stage Switch¬ 
boards are shown in Figs. 503, 504, 505 and 506. The 
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—Manually-operated switch for a dead-front stage Hwitehboard. 
tan Electric Mfg Co ) 


{Metropoli- 


switches shown in Figs. 503 and 506 are provided with a quick- 
break mechanism. Tlie swdteh illustrated in Figs. 504 and 
505 lias a double break-jaw and no hinge-jaw. The fuses, 
which are carried on the back of the switch form a part of the 
switch blades. 

N OTE.—The Rating Op The Magazine Switches On A Manttallt- 
OPERATEU Stage Switchboard is seldom less than 60 amp. Switches 
which have a rating of 100 amp. are frequently used, even though 
the connected load requires a current much smaller than 100 amp. 
This is to insure mechanical strength and ruggedness. However, 
25 
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Fig 504 —ShovMng arrangement of the switch ami liandle for a dead-front maniially- 
opcrated switchboard {\futual Llectric d Machine Co) 



PiQ 605. Tig 506 

Fio 605—Closed position of double-pole magazine switch for a dead-front, 
manually-operated switchboard (Mutual EUctnc d* Machine Co ) 

Fig 506—Showing quick-break switch for manually-operatad dead-front itngc 
witohboard (JPrtngU SUetrtcal Mfg Co ) 
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they may be fused (Sec. 449) with as small-sized fuses as the magazine 
sub-feeders will permit (Sec. 169). 

428. One Principal Type Of Remote-control Stage Switch¬ 
board is known as The Major Pre-selection System Of Remote 
Control. It was invented by R. E. Major of the Major Equips- 
merit Co.y 2518 Cullom Ave., Chicago, Ill. It is manufactured 
and sold by the Frank Adam Electric Co.^ St Louis, Mo. 
The advantages of this system of theatre lighting-control, 
the description of the various elements and the circuits of 
this switchboard are discussed in the following sections. 

429. The Advantages Of The Major Pre-selection Control 
System are: (1) Preselective features and maximum flexibility 
of control which can not be obtained with the manual control 
system are provided. (2) Simple to operate. (3) An extremely 
safe apparatus as regards both personal injury and fire hazards. 

(4) It is 7nade up of a number of standardized unit elements. 

(5) It occupies a minimum of stage-floor space. How the above¬ 
advantages are obtained will be understood by a study of the 
subsequent material. 

430. By “Pre-selective” Control is meant the control 
where by the stage electrician can select in advance the lamp- 
groups, which lie desires to have lighted or extinguished simul¬ 
taneously for the next lighting effect. This he may do 
without interfering with the lighting effect then in use. The 
pilot switches which control those groups, having been ^‘set¬ 
up,” he can instantly light all of them togetiier by operat¬ 
ing the master pilot switch. The pre-selective control is 
obtained by a certain method of interconn(*ction of the pilot 
switches with the remote control switches. This general 
method of interconnection is described in following sections. 

Example.—The Pre-selective Features And The Flexibility 
Op Control Which Is Provided By The Major System is illustrated 
by the following simple lighting-effect changes. The stage is assumed to 
be dark; that is, no stage lamps are lighted. At a certain signal the white 
foots, white border No. 2 and rod border No. 1 are to be lighted. The 
switchboard operator places, in advance of the signal, the proper pilot- 
switch handles in the set-up position. Then, when the signal is received, 
he gives the proper master pilot switch a light tap with his hand. This 
simultaneously lights all of the lamps mentioned above. The second 
lighting effect is to be provided by the white foots, the red prosceniums 
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and the blue border No. 4. Tie again places, in advanee, the proper pilot 
switches in the act-up position This he may do without (bsturhing 
the > ghtiiig-effect then in use Thi n w hen he receive.s the signal for t he 
ms ond lighting effect, hi gives the Iw o muster inlot-svi itch handles a light 
tap with his hand; wheieuiion the lighting-effei t which is provided bj 
the white foots, white bordci No i, and red border No. 1 is instantly and 
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simultaneously changed to that which is provided by the white foots, 
red proseeniiims and blue border ^so. 4, ITow the operating circuits 
are controlled, bv the pilot and the remote-controlled switches, and the 
circuit arrangements which are necessary to produce these lighting 
changes are explained and shown m Se( 435 

431. The Major Pre-selection System Of Remote Control 
Comprises Two Essential Elements: (1) .<4 pilot board (Sec. 
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416 and Fig. 507) which consists of the desired number of 
pilot switches (Sec. 416), and which is located (Fig. 5311 on 
the stage. (2) A remole board (Sec. 416 and Fig. 608) which 



I lo 'iOy Major icm< tt hoard iimtulUd in ‘^litridan Park Ihoutro New \ ork City. 
(Manufacturtd bv haul \(iam EUctm C> ) 

IS usualH located (Fig 530) below the stage oi elsewhere, 
pieferablj near the load center The individual pilot switches 
(Sec. 432) on the pilot boaid seive the .same purpose as do the 


aosmg Pilot , Control Wires ^ Pemote Board In Basement 



1 1 Lamps 

Fia 609 —Diagrammatic arrangtmenl of a pilot switch a remote controlled switch and 
the magazine circuit which is controlled thereby 

momentary-contact switches (Div. 8) which aie used to 
control any remote-controlled switch. The remote-controlled 
switches (Sec. 323) on the remote board arc, in reality, merely 
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remote-controlled magazine switches (Sec. 416). That is, 
when a pilot switch (P, Fig. 509) is operated, the control 
circuit of the remote-controlled switch, P, is closed. This 
either opens or closes the remote-controlled switch (Sec. 323), 
thereby lighting or extinguishing those lamps which are 
connected to the magazine panel, M, controlled by that switch. 

Noei:. —Major Pre-selection System Of Remote-controlled 
St 4 <^ Switchboard will hereinafter be referred to as the Major System, 

Note.—In The Major System, The Dimmers May Be Mounted In 
1’he Rear Of Ok On Top Of The Pilot Board. When the dimmers 
arc mounted in rear of the pilot board (Fig. 507), they are so arranged 
that each dimmer handle projects through the front side of the board 
directly below the pilot-switch handle that controls the circuit which 
contains that dimmer. When the dimmers are mounted above the pilot 
board, the amingemcnt is similar to that indicated in Fig. 502 for a 
manually-operated board. 

Note.—The Remote-controlled Switch Which Is Used In Con¬ 
nection With The Major System is shown in Fig. 394. Ite operation 
is described in Sec. 323. 

432. The Major PUot Switch Unit (Figs. 510 and 511) 
consists of two single-pole double-throw switches (A, and /i, 
Fig. 511-77) mounted on a therrnoplax (moulded-asbestos 
compound) base as shown in Fig. 510. Its operation is 
explained below. 

Explanation. —Both switches (A and B, Fig. 511) are identical 
in construction. Each switch is held in the open position by a spring 
(Sy Fig, 511-7). When either handle, H is pressed downward, as shown 
in Fig. 510, the contact block, />, touches the laminated-copper contact, 
E, This is called the mmncnUxry position (Fig. 512-7) because as soon 
as the pressure on the handle is removed, the spring (Sy Fig. 511-7) 
causes the switch to return to the open position. When either handle 
is pulled upward as shown at HB in Fig. 510, the blade (7', Fig. 511) 
contacts with the jaw, J. The friction between the jaw and the blade 
holds the switch in this position until the switch handle is pushed down¬ 
ward by hand. This is called the set-up position (Fig. 512-77). 

The therrnoplax base is provided with an indicating lamp, (Py Fig. 
511-77). The indicating-lamp terminals (M and N) are connected to 
the lamp-receptacle as indicated at 72, Fig. 511-777. The lamp, P, 
is so connected (Bee. 443) that it is illuminated when the lamp-group 
which is controlled by the switch on which the lamp is mounted is lighted, 
and extinguished when the lamp-group is extinguished. 

When several pilot-switch units (Fig, 510) are mounted on the support¬ 
ing frame, as in Fig. 507, the metal guard or front plate (Af, Fig, 510) of 
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each switch protects all hve parts of the board from contact from the 
front. Thus, the pilot board is (Code Rule 38c) a dead-front board. 




Fig 611 —The Maoor pilot switch (Manufactured by Frank Adam Electric Co ) 

A Wire (Wf Fig 611-/J/) provides a permanent electrical connection 
between the laminated copper contact of switch A and that of switch B 
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Thus, when switch A is closed to the momentary position, an electrical 
connection is made between terminals L and C (Fig, 511-/). When 
switch A is closed to the set-up j>osition, electrical connection is made 
betweei terminals C and 1. When s\^itch B is closed to the momentary 
position, electrical connection is made between terminals L and O. 
When B is closed to the set-up position, elect rical connection is made 
between terminals O and 2. 

Note.—The Rvmbolical Wiring Diac.ram Oi’ A Pilot Switch is 
show?* in Fig 512. 
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Fig. 512—Wiring diaKrams ami symbols of pilot switch, and wiring diagram of 
remote-controlled switch and ihmmcrs for the Major svateru of remote control (For 
rcinote-controllcd switch 6\nibol, set I ig 513 ) 


433. The Circuit Diagram Of The Major System For A 
Single Lamp-group is shown in Fig. 509. Switch A (Figs. 509 
and 511) is called the closing switch. This is Ix^eause the con¬ 
nections are so made that it operates to close the remote- 
controlled switch, R, Switch B (Figs. 509 and 511) is called 
the opening switch. This is because it operates to open the 
remote-controlled switch. When switch A (Fig. 509) is 
closed to the momentary position (dotted position) the closing 
coil of R is eru'rgizi'd (sec Sec. 323) and R closes. This lights 
the lamps. When B is closed to the momentary position, the 
Oldening, coil of R is cncigized, and R opens. This extinguishes 
the lamps. Th(» circuits may lie traced out by r(‘ferring to 
Fig. 509. Th(* pilot switches are so mounted on the pilot board 
and are so connected to the remote-controlled switches that 
the upper row of handles (Fig. 507) in any horizontal row 
of pilot switches contains the opening-switch handles. 
(Consequently the lower row of handles in any horizontal row 
contains the closing-switc'h handles. All opening pilot switch 
handles are painted Ijlack. All closing pilot switch handles 
are painted to correspond to the color of the lamps which 
they control, as red, white or blue. 
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Explanation. —The elementary arrangement shown in Fig. 509, 
which consists of only one pilot switch, one remote-controlled switch and 
one lamp-group, is never used in the Major system. However, by a 
careful study of the circuits shown therein, and of the operation of the 
pilot switch (Sec. 432) the following descriptions of the preselective 
features and of the flexibility of control which are provided by this 
system will be readily understood. 


434. One Pilot Switch May Be So Connected That It Will 
Control Two Or More Other Pilot Switches as indicated in 
Figs. 513 and 514. Switch No. 1 (Figs. 513 and 514) is, as 
explained below, so connected that it will control the group of 


_^_ ^ Pilot^5witch Sub^Ft tder' 

Indmdual Pilot Switches _ v H 



individual pilot switches Nos. 2, 3 and 4. Hence, it is (Sec. 
416) a sah-rnadcr pilot sunich. This arrangement is nearly 
always employed on major theatre switchboards. Also such 
an arrangement of connections is, w'hen there are only a few 
lamp-groups in the house, sometimes used to control the 
house lights. Then, switch No. 1 (Figs. 513 and 514) is 
called the house master pilot switch^ or the house main. 

Explanation. —Note that the connections which are shown in Fig. «513 
are identical to those wduch are shown in Fig 514. The individual pilot 
switches, Nos 2, 3 and 4 (Figs 51.3 and 514), arc so connected (Sec. 431) 
as to control, respectively, remote-controlled switches Nos. 2, 3 and 4. 
In Fig. 513, the closing switches, A, of individual pilot switches Nos. 2 
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and 4 are placed in the set-up position Then, by operating the closing 
switch of pilot switch I\o 1 to the momentary position, remote-controlled 
switches Nos 2 and 4 are simultaneously closed, and lamp-groups L and 
M are lighted thcreb:y The (urrcnt-paths through the control wires 
and through the closing coils of the remote-controlled switches are, for 
this operation, indicated b> the light arrows The current-paths 
through the lamp-gi oiips are indicated bv the heavy arrows The closing 
Britches, Ay ma^ no\\ be returned to the open position and the lighting 
effect nill not be changed thereb> 

H( N lamp-groups L and ¥ may be simultaneously extinguished 
by pilot switch ^o 1 will now be explained Place the opening switches. 
By oi individual pilot switches Nos 2 and 4 in the set-up position Then 

P Jof 5yy fch Conneefeef To (onfrof Pilot Switch 



Flo 514 Onp pilot switch so eonnecl<d as to control two or more other pilot 
switches ( The set-up and the indicated current patli la shown for i xtiiiKuishing lamp- 
groups I and M ) 

operate the closing handle, By of switch No I to the momentary position 
Current will then flow through the control wires and thiough the opening 
coils of remote-controlled switches Nos 2 and 4, as indicated by the 
arrows When the current flows thiough the opening coils, the switches 
are (8ec 323) opened, and the lamp-groups, L and My arc cxtingmshed 
When a pilot switch is closed to the momentary position (4, switch 
No 1, Fig 513, and By switch No 1, Fig 514), it is only necessary to 
hold It in this position for an instant Then the hand should be removed 
from (he handle, whereupon the switch will (See 412) be returned to the 
open position However, sine c the coils of thc^ remote-contioiled switches 
aie (Sec 323) designc'd for eontinuous duty, no harm other than a waste 
of energy will re^sult il a pilot switch is held closed to the momentary 
position for an indefinite length of time 
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435. A Circuit Diagram Which Illustrates The Major 
System is shown in Figs. 515,516 and 516A. Theoretically, any 
number of individual pilot switches—and consequently the 
corresponding number of remote-controlled switches—may be 
controlled by one sub-master pilot switch. Also, theoreti¬ 
cally, any number of submaster pilot switches may be 
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3^10. 616.—Simplified circuit diagram of the MaSor eyatcm of remote-controlled 
Htage switchboard for an alternating-current system when not more than six individual 
pilot switches are controlled by one sub-master pilot switch, or for a direct-current 
system when not more than twelve individual pilot switches are controlled by one sub- 
master pilot switch. 


controlled by one master pilot switch. However, practical 
considerations (Sec. 43(5) limit these numbers. The circuits 
shown in Figs. 515 and 51(5, and the control which is afforded 
thereby (see explanation below) typify the Major system. 
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EXPI 4 ANAT 10 N.—^The following explanation refers specifically to Fig. 
515. The circuits are shown for one master pilot switch, No. 1, two 
sub-master pilot switches, Nos, 2 and 3, and six individual pilot switches. 
The six individual pilot switches, Nos, 5, 6, 7, 9, 10 and 11, control 
respectively the six remote-controlled switches, Nos. 5, 6, 7, 9, 10 and 
11. The two sub-master pilot switches, Nos. 2 and 3, control, respectively 
the individual pilot switches Nos. 5, 6, 7, and 9, 10, 11. The master pilot 
switch, No. 1, controls the two sub-master pilot switches, Nos. 2 and 3. 
Each remote-controlled switch, Nos. 5 to 12, inclusive, controls (Sec. 431 



Fxo. 616.—Connection diagram of control circuit used in the Major system for master. 
subHmaster and individual pilot switches. (Not more than twelve individual pilot 
switches, when direct current; nor more than six individual jnlot switches, when alter¬ 
nating current, to be controlled by one sub-master pilot switch. 


and Fig. 609) one lamp-group. Thus, when a remote-controlled switch is 
opened or closed, that lamp group which is controlled by it is extinguished 
or lighted. The example which follows illustrates the simplicity of the 
operation of this pre-selective system. 
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Example. —Assume that no stage lamps are lighted, that is, that the 
stage is black out.’’ Also assume that at a certain signal, the white 
footst the white border No. 2 and the red border No. 1 must be lighted. 

Note that each pilot switch is provided with a name plate, Fig. 510, 
which bears the name of the circuit that it controls. Further assume 
that the above-named lamp-groups art* controlled respectively by the 
remote-controlled switches Nos. 5, 7 and 10, which arc (see diagram, 
Fig. 515) in turn controlled, respectively, hy individual pilot switches 
Nos. 5, 7 and 10. To set up the board for the desired change, the switch¬ 
board operator places the closing pilot switchcjs (Sec. 433) Nos. 5, 7, 2, 
10 and 3 in the set-up position. Then, when he receives the signal, he 
shifts the closing handle of the master pilot swit ch, No. 1, to the momen- 



Fkj. C'lrciiit dirtgruTii of u complete Major system of stage-switcliboard control. 

(Frank Adam EUctric Co.) 


tary position (shown in dotted lines) and holds it there for a moment only. 
Whereupon, those lamp-groups which are controlled l)y remote-controlled 
Bwitclics Nos. 5, 7 and 10 are lighted simult jim>ously. The path, through 
the control circuits, of the current w^hich operates remote-control switches 

5, 7, and 10, as explained above, is indicated by the arrows. 

After master pilot switch No. 1 has been closed for an instant to the 
momentary position the remote-controlled switches, Nos. 5, 7 and 10, are 
closed and locked closed (Sec. 323). They will not open until the opening 
coils are energized. Consequently, the closing-pilot switches, Nos. 2, 3, 

6, 7 and 10 may now be returned to the open position and the lights which 
are controlled by them will not be extinguished. This enables the switch¬ 
board operator to pre-select and “set-up” in advance (Sec. 429) for the 
next lighting effect. Then when he receives the signal for this next 
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lighting effect, lie can produce it instantly and simultaneously by the 
operation of the master-switch handles. 

Assume that the next lighting effect reejuires the light from those lamp- 
groups which are controlled by remote-switches Nos. 5, 6 and 11. This 
is ^‘sci up'^ as follows: (1) Return all of the openwg pilot switches to the 
neutral position. (2) Place the closing pilot switches Nos. 5, 6, 2, 11, and 
3 in the set-up position. (3) Place the opening pilot switches Nos, 7, 2, 10 
and 3 in the set up position. Now, when the signal is received for this 
second lighting effect, both the opening and closing switches of the master 
pilot .switch, No. 1, are simultaneously operated to the momentary 
position and held ihere for an instant. This extinguishes Nos. 7 and 10, 
and lights Nos. 6 and 11, and permits No. 5 to remain lighted. The 
result is that the lighting effect of Nos. 5, 7, and 10, is instantly and 
siiniiltaneoiisly changed to that of Nos. r>, 0, and 11. The current path 
(arrows not shown) in the control circuit for this lighting change may be 
tra'^ed out by referring to Fig. 515. 

It will be evident from the above that the lighting effect of any com¬ 
bination of any number of lamp-groups may be simultaneously changed 
to any other desin'd combination of any number of lamp-groups. Fur¬ 
thermore, any lamp-group may, by operating its individual pilot switch, 
be lighted or extinguished at any time without interferring with any other 
lamp-group. 

436. A Single-pole Sub-master Remote-controlled Switch 
Is Provided On The Major Remote Board (Fig. 517) for each 
sub-master pilot switch when: (1) One sxib-vxader pilot switch 
controls more than six individual pilot switches for an alternating^ 
current system, (2) One sub-master pilot switch controls more 
than twelve individual pilot svdtchcs for a direct-evrrent systern. 
The coniioetionKS are so arranged that the control which is 
provided is exactly the same as that explained under Sec. 435 
in connection with Fig. 515. The reason for using these single¬ 
pole remote-controlled switches is, as explained below, to 
prevent the possibility of having to break an excessively heavy 
current with the master or sub-master pilot switches. 

Explanationt. —Assume that more than six, say seven, individual pilot 
switches are controlled by one sub-master pilot switch. Assume, also 
that the system is to be used on alternating-current and that the 
general scheme of connections is as show^n in Fig. 515. Then, if it is 
desired to simultaneously light all of the lamps controlled by these seven 
Individual pilot switches, each individual closing-pilot switch would be 
placed in the set-up position. The lamps would then be lighted by 
operating the sub-master closing-pilot switch to the momentary position. 
The alternating current which is required to close one Major remote- 
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controlled switch is (Sec. 323) about 7.7 amp. Then, the sub-master 
pilot switch would, when operated to the momentary position under the 
conditions outlined above, cany about 7 X 7.7 = 53.9 amp. Further¬ 
more if all the lamps which are controlled by two sub-master switches 
were to be simultaneously lighted by means of the master pilot switch, 
the current which would pass through the master pilot switch would be; 
2 X 53.9 ~ 107.8 amp. Such a heavy control current would, in addition 
to injurying the master or the sub-master pilot switches, require larger 
pilot fuses (See. 450) and, consequently, larger wires in the pilot-board 
feeder circuits. 

To eliminate the objections which are outlined above, a single-pole 
remote-controlled switch (No. 2, Fig. 517) is connected into the circuit 


Jndivfctual Pilot 5witches Line 0/ 3us 



mg'e-Pole 
Pemofe (. onfrolled 
5iv/fche* On 
R*‘mote board 


Double-Pole 
Rcmofe-Con*rolled 
itches On 
I— 1 /_ Remote board 


Fiq. 517—Simplifiod oiiouil dmicram of tlip Major sjsiom of remote-controlled 
stage switchboard for an alt«Tnating-current syRtein when more than six individual 
pilot switches are controlled by one sub-master switch, or for a direct-current system 
when more than twelve individual pilot smtehos are controlled by one sub-master pilot 
switch 


as indicated. As shown in Fig. 518, instead of connecting terminal C of 
the sub-master pilot switch to terminal 1 of the individual pilot switches, 
as in Fig. 516, it—terminal C — is connected to one side of the closing coil 
of the single-pole suh-niaster roriiote-controlled swit<*h (No. 2, Fig. 517, 
and A, Fig. 51S). The other side of the closing coil of switch No. 2, 
Fig. 517 and A, Fig. 518, is connected to the grounded side of the 
line. Switch A, Fig. 518, has no opening coil. Itisopenedhy gravity and 
a spring (Sec. 323) when the control circuit through the closing coil is 
broken. One of the load-circuit wires, (IF, Fig. 518, Sec. 316) of switch A 
is connected to the line or bus at <7, and the other side, F, is connected to 
terminals I—set-up terminals—of the individual closing pilot switches 
(switches 3, 4 and etc.) that are controlled by the sub-master pilot switch, 
No, 2, which controls A. Thus, when A (F'ig. 518) is closed, current 
flows, as indicated by the arrows, (Fig. 517 and 518) to the set-up termi- 
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nalfi—^tenninals 1—of the individual pilot switches. Therefore, when 
the individual closing pilot switches are placed in the set-up position, 
current will flow through the closing coils of the corresponding remote- 
controlled switches. Consequently, instead of the circuit which carries 
this heavy current being broken by the master or sub-master pilot 
switches, it is made and broken by the single-pole remote-controlled 
switch. 

pf/of-Boctn^ 



Switch 


Fio. 518.— Diagram of coi»trol circuit of tlie Major system for master, sub-master and 
individual pilot switches. (More than twelve individual pilot switches, when direct 
current; or more than six individual pilot switches, when alternating current, to be 
controlled by one sub-master pilot switch. Frank Adam Electric Co.) 

Since the current (Bvc. 323) required to open the remote-controlled 
magazine switches is small—about 2.1 amp., alternating-current—a 
remote-controlled sub-master switch is not usually required in the opening 
circuit. 

437. The Switches On A Major Pilot Board May Be Classi¬ 
fied as: (1) The stage pilot switches; which control the stage 
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lights. (2) The house pilot switches; which control the house 
lights. (3) The constant-circuit snap switches; which control 
the work lights. Each classification is briefly described in 
the following sections (sec also the specification, Sec. 452, 
Clauses, 27 and 28). 

438. The Stage Pilot Switches Axe Usually So Connected 

that: (1) Each stage magazine circuit is provided with one 
individual pilot switch, (2) Each lamp-color is provided with 
one sub-master pilot switch, (3) One master switch controls 
all stage lights. Thus, a sub-master pilot switch is, in effect, 
a color-main switch fSec, 416). And the master pilot switch 
for the stage lights is, in effect, the stage-main switch (Sec. 416) 
(see Sec. 452, (^ause 26). 

Note.—The House Pilot Switches Are, In General, So Con¬ 
nected that the same arrangement of master, sub-master and individual 
pilot switches is provided with respect to the house as that which is 
explained above for the stage. However, where the number of lamp- 
groups for the house lights does not exceed 10 or 12, the sub-master pilot 
switches for house lights is sometimes omitted. In such cases, only a 
master pilot switch is provided for the house lights. It is so wired 
(Fig. 538) that it will control all of the house lights (see Sec. 452, 
Clause 27). 

439. The Constant-circuit Snap Switches (Fig. 519) are 
usually single-pole, double-pole or three-way switches of the 

yyorA Light branch Lir,u ■* 



PiQ. 516.—Circuit dia|i;nra.in8 of the oonstant-oirciiit work lights as used in the Major 

system 

tumbler type. They arc used to control the work lights (Sec. 
415). The reason these circuits are called constant circuits 
is because the work-light branch circuits (Fig, 519) are con- 
•?6 
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stantly connected to the bus-bars on the remote board; that is, 
they are not controlle<l by a remote-controlled switch as 
are the magazine cijcuits which feed the stage and house 
lights fsec Sec. 452, Clause 28). 




S/afe Base 


\ 

Sod 

£- 


I—Ei*i 
X - [^621 

3— -rte 

4- —}4t!) 

HSud 
6-*—Hfcd 

6-—HSesJ 

9^— 


s: 


10—j-fcJ 


-a 




-7 
►8 
-9 

-10 


Sc®* ^ 
1 


Ml-—1 
t23&*—2 
-3 

tlE^—5 
‘—6 

^7 

6 

Dt»-—9 
tfiS*-*—K)* 




- ± ♦ 

Fxa 520—Thrc<»-^Mrp-to-thro<i-wire polarity type distribution panel 


440. A Polarity-type Distribution Panel (Fig. 620) is 
one wherein all of the branch-circuit connections of the same 
polarity are locat(‘d adjacent to each other. Thus, in the 



Fio, 621—Showing method of oonnetting a auction of the magaame panel (ikTojfor 
system) to the source of energy Two-iMre circuit to magasme panel 

three-wire polarity-type panel (Fig. 620), wires 1, 1, 1, form 
one three-wire branch; wires 2, 2, 2, form another three- 
wire branch, and so on (see also Fig. 535). In the two-wire 
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polarity-type distribution panel (ilf, Fig. 521)^ wires 1,1, form 
one two-wire branch; wires 2, 2, form another two-wire 
branch, and so on. A polarity-type distribution panel does 
not usually require as much space as a panel (Fig. 547) of the 
ordinary type. This is because the clearance which is 
required between bare metal parts of the same polarity is not 
as great as that which is required between parts of opposite 
polarity (see Sec 166). The magazine panels (ilf, Figs. 521 
and 522) as used tn the Major system are of the polarity type. 


busbars On Remote boanst 
reeC From Generah 

Lighftna Cabinet Dimmers In Oimmer Bank 



Fio 522 —Showing the method as used in the Major K\sfe;n of conn*fting a two- 
pole remote-controlled switch as a thrcc-polc switch Ihric win circuit to magazine 
panel 

441. The Two Methods Of Connecting The Magazine 
Circuits To The Source Of Energy As Employed In The 
Major System are illustrated in Figs. 521 and 522. In Fig. 
521, a two-pole remote-controlled switch, Ji, is connected, one 
pole to the neutral bus and one pole to one outside bus. The 
pole, Hy w^hich is connected to the outside or ‘‘hot'' bus of the 
three-wire grounded-neutral system connects to one bus of 
the magazine panel, M. The neutral side, A, connects through 
the dimmer, Z), to the other bus of the magazine i^anel, M. 
When the current required by the lamps which are connected 
to one magazine panel is large, the connections are made as 
shown in Fig. 522. The two-pole, remote-controlled switch 
(Ry Pig. 522) is then wired as a ^‘three-pole" switch. The 
hot busbar on the magazine panel, My is divided into two 
sections A and B. One section is connected, through one 
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pole of R, to one outside wire, and the other section is con¬ 
nected, through the other pole of R to the other outside wire. 
The lamp load wliicii is to be controlled by R is divided into 
two parts which are as nearly e(iual as is practicable. One 
part is connected to A. The other part is connected to B. 
Then the two neutral busbars, C, are connected through the 
dimmers to the neutral bus on the remote board (see also 
Sec. 446 concerning dimmer connections). 

442, The Major Pilot Board Is Fed From The Busbars On 
The Remote Board (J8, Fig. 523) by the pilot-board feeders, 
F, through the magazine-panel pilot-board busbar, P. At 



Fio 623 — (’ircuit <ljHKr.ini shouinie )m>w Oif pilot board ih ff»l in tin Major Hv^tern 

P, the circuit is divided into the fused pilot-board sub-feeders, 
IF, which feed directly to the various pilot switches. (See Figs. 
516 and 518.) 

Note.—The Major Remote Control System May Be “LocKr.D"' 
by either one of two arrangements: (1) By opening the doMe-pole knife 
switch^ Sy Fig 523-/ (2) By prcsnrig the button of momentary contact 
switch M which opens the remote-controlled switch, Ry Fig. 523-//. 
That IS, such house or stage lamps as are desired may be lighted as 
explained in 8ec 435 Then, by opening S or 1i (Fig 523) no current can 
flow through the opening or closing coils of the remote-controlled magazine 
switches. Consequently, none of the stage or house lamps can then 
be lighted or extinguished. Thus, by providing a lock on S or My the 
stage and house lamps may be *‘locked" when either lighted or extin¬ 
guished. Opening S ot R also cuts the pilot board dead so that changes 
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or repairs may be made with safety. Opening S or R does not in any 
way affect the constant circuits (Sec. 439). By connecting kmp I (Pig. 
523-//) as shown, it will be lighted when switch R is closed, and extin¬ 
guished when R is open. Thus, it indicates whether the pilot board is 
'‘dead'' or “alive," It is usually mounted (/, Fig. 537) in the top 
trim of the pilot board. 


5tparafe Wire fbrtach Switch.^ 
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443. The Indicating Lamps On A Major Individual Pilot 
Switch are connected as illustrated in Fig. 524. When con¬ 
nected as shown, the indicating lamp of each individual pilot 
switch will be lighted when the lamps which arc controlled 
by that individual pilot switch 
are lighted; and it will be ex¬ 
tinguished when the lamps 
which arc controlled l)y that 
individual pilot switch are ex¬ 
tinguished. Thus, the switch¬ 
board operator may, by a 
glance at the pilot board, 
know just which Kstage and 
house lamps are lighted and 
which are not lighted. The 
indicating lamp will, when 
connected as shown, burn at full brilliancy, even though the 
lamps are dimmed by the dimmers. The positions of the 
dimmer handles, or a pointer which may be provided on 
the dimmer, indicate the brilliancy of the lamps which the 
dimmer controls. The master and sub-master pilot switches 
are not provided with indicating lamps. 

444. In The Major System All Of The Stage And House 
Lights May Be Controlled By A Momentary-contact Switch 
which is really an auxiliary master switch (Fig. 525). This 
momentary-contact switch may be stationaiy and mounted at 
any desired location in the theatre. Also, it may be portable 
(Fig. 507) so that control of the stage and house lights may be 
had from the most advantageous location (see explanation 
below). 


5tcfions Of f1aq:trlne Pctnrf 


Fia. 524.—Circuit diagram showing ho'^ 
the indicating lamp of a Major individua 
pilot switch is connected. 


ibcpLANATioN.—PoF the example which was explained under Sec, 436, 
in connection with Fig. 515, the set-up was made and the lamps were 
lighted by closing the closing-switch of the master pilot switch, No. 1, 
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to the momentary position. This permitted the current to flow from L 
to C (Switch No. 1, Fig. 515). By operating a two-circuit momentary- 
contact switch which is connected to the master pilot switch, as shown in 
Fig. 525, the closing-switch of the master-pilot switch (Fig. 526) being 
previously placed in the set-up position, the same result may be obtained. 
That is, by closing the momentary contact switch, as shown at M, 
current will flow from L to C as indicated by the arrows. Thus, the 
lights may be lighted or extinguished by the momentary-contact switch of 
Fig. 525, just as they were lighted or extinguished by the master pilot 
switeh of Fig. 516. 

The Frank Adam Electric Co. regularly equips all Major boards with 
a three-point receptacle (Rf Figs. 510, 518 and Sec. 452, Clause 26) 
which is located (Fig. 507) in the side trim of the pilot board. About 
50 ft. of No. 14, three-conductor stage cable {W, Fig. 525, and Fig. 507) 
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PiQ 525 —Showing the method, which is used in the Major eystem, of controlling 
the house and stage lamps by a momentarj'-contact pubh>button switch. {Frank Adam 
Electric Co ) 


is also furnished. A two-circuit momentary-contact switch is connected 
to one end of this cable, and a three-point plug is connected to the other 
end. By inserting the plug into the receptacle (Fig. 507), the stage and 
house lamps may be controlled from almost any location on the stage by 
the momentary contact switch, as explained above. In some scenes it is 
difficult for the switchboard operator to get the signal for a lighting change 
from liis usual position at the stage swritchboard. In such cases, he may 
place the proper switches in the set-up position, plug in the cable, and 
take the momentary-contact switch in his hand and go to a place where 
he can readily receive* the signal. Or, if desirable, the momentary- 
contact switch may be temporarily mounted in the scenery, so that it 
can be operated by the aetor in full view of the audience. Then, the 
switchboard operator merely places, in advance, the proper switches in 
the set-up position and the actor controls the lights 

446. Theatre Dimmers Are Used To Dim The House And 
Stage Lights. A dimmer is merely a rheostat—a resistor of 
variable resistance (Fig. 526) -which is connected into the 
magazine sub-feeder that feeds the lamp-group to be dimmed. 
The dimmers are mounted in a group, called the dimmer bank, 
above the stage switchboard (Figs. 502 and 527), or in rear of 
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or on top of the pilot board (Sec. 431 and Fig. 507). Each 
dimmer unit is provided with an individual handle. Shafts 
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Fia 526—Simple dimmer circuit 


which are equipped with master and grand-master handles 
(Figs* 507 and 527) for interlocking several dimmer units for 



3?ig 627 —Dimmer bank mounted above a dead-front, nianually-opemted, intei locking 
stage switohboaid (Muhial Electric d Machwf Co ) 

simultaneous operation are also provided. Various methods 
of dimmer connections are discussed in the following sections. 

446. The Dimmers Must Be So Wired That They Are Dead 

when the switch which controls the circuit of which the dimmer 
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forms a part is open. (Code Rule 38c, 2.) Compliance with 
this rule requires that the magazine switch (M, Fig. 626) be 
a double-pole switch. Or if the dimmer is connected into the 
grounded-neutral of a three-wire system, it may be connected 
as shown in Fig. 522. Although, when the switch, K, Fig. 522, 
is open the dimmer is not disconnected from the line, it is, since 
it is in the grounded side of the circuit, considered to be dead. 

447. The Maximum Wattage Rating Of A Single Dimmer 
Plate is about 3,000 watts. When the magazine circuits 
which are connected to one magazine-panel section have a 
connected load greater than 3,000 watts, two or more dimmer 
plates are mounted as one unit. Then this unit is controlled 
by one individual handle. The method of connecting two or 
more dimmer plates to dim a single lamp-group is discussed 
in the following section. 

448. The Correct Method Of Connecting A Multi-plate 
Dimmer Unit is shown in Fig. 528-/. The magazine panel 



IT-Incorrect Method Of Connection 


Fro. 528.—Showing correct and incorrect method of coiuiectinK multi-polo dimmer units. 

bus-bar, B, should be divided into as many sections as there 
are dimmer plates in the dimmer unit for that lamp-group. 
Then one dimmer plate should be connected to each bus-bar 
section, as indicated in Fig. 528. The load on the branch 
circuits which are connected to any one dimmer plate should 
be made as nearly equal to the wattage rating of that dimmer 
plate as is practical. 

Note.—An Incorrect Method Op Dimmer Connections is shown 
in Fig. 528-//. When connected as shown, the dimmers will work as long 
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as each dimmer plate operates satisfactorily. However, if trouble 
develops on one dimmer plate and puts it out of service, the entire 
load will then be carried by the remaining serviceable plates of that 
unit. Such a load shift may cause the entire unit to bum out before the 
trouble can be remedied. 

449, The General Rule To Be Followed In Fusing Stage- 
switchboard Circuits is to place a fuse of the proper rating 
(Sec. 170) at every point where a change is made in the wire 
size. Compliance with this rule will, in general, require fuses 
in the stage-main, house-main, color-main, and magazine 
cirexiits; also in each branch circuit at the magazine panel. 
Since each the stage-main, house-main, color-main andmaga- 
zin(‘ circuits are usually provided with switches, the fuses and 
switches should, when practical, be so arranged that the fuses 
in any circuit will be dead when the switch which controls 
that circuit is open. The above applies, in general, to all 
types of stage switchboards. See Figs. 492, 493, 495, 496, 
497, 499, 500, 502, 503, 504, 506, 508, 516, 518, 519, 522, 523, 
and 524. Some of the special fusing which is generally 
followed in the Major system is discussed in the following 
sections. 

460. The Method Of Fusing Which Is Employed In The 
Major System is discussed below. In addition to complying 
with the general fuse re(iuirements which are mentioned in 
Sec. 449, the Major system contains certain features which 
provide a protection against complete failure due to fuse 
blowing. These features are described in the following notes. 
In the major system, the pilot-board fuses seldom if ever blow 
because the circuits which they protect arc not normally 
subject to troubles or to derangement. 

Note.—The Method Of Fusincj And Feeding The Major PhiOT 
Board is shown in Figs. 515, 516, and 523-7. The pilot-board bus on the 
magazine panel is divided into two sections (P and P, Fig. 523). Each 
horizontal row of individual pilot switches as Nos. 5, 6, 7, and 9, 10, 11, 
Fig. 515, is fed (Fig. 510) through a separate fused conductor {A, JB, and 
r, Fig. 516), from the upper section of the bus, 7\ Each section of P 
is f(Hl from tlie buses, P, Fig. 523-7, through the fuses, -Y and F. Thus, 
if any or all of the fuses, yl, B and (\ Fig. 516, .should blow, the pilot 
board may still be operated through the medium of the master and sub- 
master pilot switches. Also, if the fuse in E (Fig. 516) sliould blow, the 
pilot board is still operative through the sub-master or individual pilot 
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switches. If any or all of the fuses in F, G, or H (Fig. 616) should blow, 
the board may be operated through the master and individual pilot 
switches. If all of the fuses on the lower section should blow (those in 
Ej Ff Of and J/), the board may be operated by the individual pilot 
switches. If either of the main fuses (X or F, Fig. 523) blow, the pilot 
board may be operated through the individual pilot switches or through 
the master and sub-master pilot switches. 

461. A Method Which Is Sometimes Employed In Wiring 
The Footlights is illustrated in Fig. 529. As shown, alternate 
lamps in the footlight trough are connected to the same 
magazine sub-feeders, and every fourth lamp is connected to 
the same branch circuit. Thus if one of the fuses, F, in the 
magazine wsub-feeder, blow.s, one half of the lamps will be 



Fia. 529.—Showing method of connecting footlights to alternate circuits. (This 
shows the wiring for the laiiipt of only one color. Similar circuits are used for each of 
the three colors ) 


extinguished, but the illumination therefrom will bcevtmly 
emitted throughout the entire length of the trough. Also, 
if one of the branch-circuit fuses, B, should blow one fourth 
of the lamps will be extinguished, but the illumination from 
the remainder of the lamps will be evenly distributed. This 
method of wiring the more important stage circuits will some¬ 
times prevent having to stop the show during a scene. This 
method may also be employed for border and proscenium lights. 

462. The Specification For The Electric Wiring Of The 
Indiana Theatre, Terre Haute, Ind., is contained in the 
following pages. It may be considered as a typical specifioa- 
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tion for the electric wiring of a modern theatre which is 
designed for both motion-picture and dramatic performances. 
John Eberson, Chicago, Ill., was the architect. The electrical 
specification was prepared with the cooperation of R. E. Major 
of the Major Equipment Co., of Chicago. The installation 
called for in this specification was made by The Pierce Electric 
Co., Chicago, Ill. Only a few minor changes in arrangement 
have been made by the author. 
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SPECIFICATIONS FOR ELECTRIC WIRING, INDIANA THE- 
ATRE, TERRE HAUTE, INDIANA 

1. GENERAL: The foregoing pages of General Conditions shall 
apply to this branch of the work. {These General Conditions ate not 
printed in this booky Editor.) 

2. SCOPE OF THIS WORK: These specifications contemplate the 
furnishing of all materials and labor r<3quired for a complete and high 
grade installation of light and power wiring for this theatre building, 
including feeders, panel boards and switchboards, fuse blocks and fuse?., 
conduits and wires for the distribution of the lighting and power outlets 
called for on plans (sec pictures of plans, Figs. 530, 531, 532, 533 and 534) 
or mentioned in th(‘se specifications; also including all outlet boxes and 
outlet box covers, receptacles and plates, drop ('ords, lighting switches, 
motor switches, stTvicc switches, a Major Combination Pilot Board 
and Dimmer Bank, remote board, borders, foot lights, proscenium strips, 
exterior decorative illuminating wiring, picture machines, house tele¬ 
phones, conduits for public telephomss. signal system, and all apparatus 
shown on plans and mentioned in these specifications to make this 
installation complete, from the service company’s feeder to the most 
remote outlet, all ready for the attachment of fixtures and the lamping 
up of the h<ms(‘. All of the above to be to the entire satisfaction of the 
supervising architectb and owner and all as described in these 
specifications. 

This installation will not include the incandescent lighting fixtures; 
it will not include the furnishing of any motors shown on plans in con¬ 
nection wdth the ventilating and heating system or elevator service or 
vacuum cleaner. However, it shall incliule necessary labor and materials 
to connect tlie motors shown and described on plans and specifications in 
connection with the following branches of the work: 

Motors for iilumbing system. 

Motors for heating and ventilating system. 

Motors for organ. 

It shall also include connecting up of moving picture machines, spot 
lights and other arcs which are to be furnished for picture booth by 
others. 

3. MATERIAL AND WORKMANSHIP: All materials furnished, 
and rnc'thods of installation of same, shall be in full accord with the latest 
and best modern electrical and mechanical engineering practices. 
Although these specifications are intended as electrical specifications, 
contractor shall install all work in the best mechanical manner. All 
material and apparatus used in this building shall conform in all respects 
with the rules and requirements of the Electrical Inspection Department 
of the City of Terre Haute, Indiana, and the rules and regulations en¬ 
forced in this city by the National Board of Fire Underwriters. 

4. INSPECTION: Contractor shall apply for a permit from the 
Electrical Inspection Department of the City of Terre Haute, before 
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Fxa. 534.—Longitudinal section of the Indiana Theatre, Terre Haute. Ind., 
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starting his work, notify that department when the work is ready for 
inspection and pay the final inspection fee on all incandescent lights, am 
receptacles, signs and motors in the building. The certificate of inspec¬ 
tion shall not ndeasc the contractor from any defects in material, 
workmanship or design, should any develop within one year after final 
acceptance of the work herein specified. (Contractor shall make all 
(’hanges and repair any dtjfects directed by the su])ervising architect, 
I)romptly, upon written notice, and without additional expense to the 
owner. 

5. WORKING DRAWINGS: The contractor must furnish a set of 
prints showing location of all outlets and special ap{)aratus as men¬ 
tioned in the ^*Sco])e of the Work,” Clause 2, together with all wiring and 
conduit system showing sizes of same, and shall filso make a drawing of 
the servdee and stage switchboards and the cabiiu^ts and j)anels, furnish¬ 
ing blue prints to the architect and owners for their approval, before 
starting the work. The detail shoj) drawing for all switchboards and 
panel boards must be submitted for the architect s and owner’s approval. 
This is important and will be insisted upon. 

6. ELECrrKICAL ENERGY Sl^PPLY: The system of electrical 
energy (current) supply for lighting system will be alternating current, 
3-wire, 110-220-v()lt, single-phase. The system of energy supply for 
power service will bc‘ alteniating current, 440-volt, 2-phase, 4-w'irc. 
All feeders and mains for light will be on a 3-wire system. Branch cir¬ 
cuits in lighting system to various outlets to be run on 2-wire system, 

7. METHOD OF WIRING; All wirjng in this building for light, arcs, 
motors, telephone and signal systc*ms shall be run in iron conduit. All 
conduits throughout the entire in.stallation shall be run concealed, except 
the runs on the stage. The* conduit will be run in floor construction, 
attic space, i)artitions, and w'hen run on brick walls where plaster occurs, 
cfintractor will cut the necessary chases in the brick in order to have the 
conduit covenvl wjth plaster where the plast<‘r is put directly on the 
brick. CJonduit run.s for outside lights such as fire escape lights, shall be 
run inside of the building and come through to the outside of the building 
only at the outlets. It is intended that the conduits in the entire installa¬ 
tion shall form a complett* raceway from the service board to each of the 
distributing centers and from the distributing centers to all the lighting 
and motor outlets. No wdres are to be pulled into the conduits until the 
plastering has been done, 

8. CONDITT; Conduit will be loricated iron pipe. Conduit will be 
carefully reamed to remove all burrs, and ends of pipe must butt into 
couplings. All conduits shall be run in long runs and not more than four 
quarter bends shall be made in one run of conduit. Tlie necessary pull 
boxes or condulcts can be inserted as desired in long runs of conduit to 
facilitate the pulling of wires. In no case shall a pull box be installed in 
an inaccessible location. Conduits when entering outlet boxes or 
cabinets shall be firmly fastened to same by lock nuts and bushings. 
Conduits in the entire installation shall be firmly fastened to the structure 
of the building. 
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0. GROUNDING: The conduit shall be grounded in an approved 
manner in at least two places. 

10. WIRE: Wire used in this installation shall consist of tinned copper 
of 98 per cent, conductivity, to have a rubber insulation around the con¬ 
ductor of a thickness as given in the latest requirements of the City 
Electrical Inspection Department. The insulation is to have a double 
braid covering, for all wires larger than No. 8. Wire of the following 
companies will be acceptable for use in this work: G. E, Red Core^ 
Simplex Wire Cable Co.y American Steel d* Wirt Co., Standard Under^ 
ground Cable Co. 

11. SIZE OF WIRE: The size of wire for distributing circuits for all 
purposes and main feeders shall be not less than the size giv(m in the rule 
book of the Electrical Inspection Depjirtrnont, based on the entire load 
being in operation at on(* time. After obtaining the total current that 
each feeder carries, contractor shall refer to the rule bo(jk and select the 
size of wire required and then install th(‘ feeder consisling of the necessary 
number of the abov(* size cables to constitute the entire feeder. On 
distributing circuits, more than one circuit may be run in one nin of 
conduit, as described by the code rules. On borders, proscenium strips, 
foot-lights, cove lighting, and on all circuits which have a connected 
load in excess of 1,000 watts, No. 12 wire shall he used. 

12. OUTLETS; Each switch, light, receptacle and other outlet 
through the building shall be provided wdth an outk^t box of heavy metal. 
Outlet boxes inside of building shall be of the knockout type, and shall 
be set in such a manner as to be flush with the finished plaster. All out¬ 
let boxes outside of the building shall be of the marine water-proof type 
Crouse-1 lirids c<mdulet with rubber gaskets. All outlet boxes shall have 
only the open holes w hich are necessary to accommodate the conduits 
entering same. Outlet boxes in all cases shall be firmly fastened to the 
structure (jf the building, 

13. DETAIL LOC'ATION OF OUTLETS: The location of the various 
outlets shown on the plans and mentioned in the specifications are only 
approximate and in order that all outlets shall come in proper relation to 
panels, pilasters, columns, etc., contractor shall study the details of these 
spaces, obtaining the necessary information from the ornamental phisterer 
and other contractors on the building, so as to make all the electrical 
work fit the wmrk of the other contractors. In all cases, outlet boxes 
shall come in the center of the decorating panels, wlu're same occur, so as 
to avoid any changing of outlets or decorating effects. In case any of 
the electrical contractor’s work is not properly placed to the approval of 
the architect, this contractor shall move same without additional expense 
to the owmer. All ceiling and bracket outlets for the attachment of 
fixtures shall be equipped with fixture supports firmly fastened to th(‘ 
outlet boxes and the structure of the building. 

14. OUTLET ACCESSORIES: Where called for in these specifica¬ 
tions for equipping outlets with sockets, switches, etc., contractor shall 
use only association made devices. For drop cords, contractor shall 
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furnish an Edison Key Socket, Loxon Lamp guard and reinforced cable, 
installing same in the outlet box cover having a bushed opening. Where 
flush switches are called for, contractor shall use G. E. No. 953 Tumbler. 
Where flush receptacles are called for, Cutler-Hammer Company’s 
No. 7711 shall be used. Furnish steel covered receptacles, P. & S. 
No. 443, for all light outlets except where fixtures or drop lights are 
specified. Some of the outlets have special equipments and are men¬ 
tioned further in these specifications. Lamps will be furnished by others, 
but lamping up shall be included in this contract. 

15. FUSES: The contractor shall furnish a complete set of fuses for all 
fuse openings in the building. Plug fuses shall be used for lighting- 
branch circuits of 30 amp. or less capacity, and cartridge fuses for all 
feeders, sub-feeders, mains and sub-mains and ail circuits of over 30- 
amp. capacity. All NaUonol Electrical Code fuses shall be Buss or D & 
W non-refillable. 

16. DISTRIBUTION OF WIRING: The wire and conduit shall be 
run from cabinet to cabinet in the proper manner forming a chain of 
distribution, starting from the point of service entrance to the main 
distribution cabinet, then branching out from that point to all of the 
cabinets following. From the cabinets and switchboards, the wiring shall 
be run to the final points of distribution consisting of all light and power 
outlets, arc receptacles, sign outlets, etc. In distri})uting the wire to the 
lighting outlets from the above fuse cabinets, contractor shall group the 
outlets for such circuits in a consistent manner, placing not more than 
twelve (12) incandescent-lamp outlets, or 660 watts, on one branch 
circuit. For the borders, footlights and proscenium strips all trough 
and cove lighting, also canopy lighting, 1,320 watts may be placed on one 
branch circuit. Thirty-two aisle lights may be placed on one branch 
circuit. 

17. CONTROL OF CIRCUITS: The lights in general spaces through¬ 
out the building shall be controlled from the various fuse centers either 
by master switches or separate circuit switches as described later. In 
some of the rooms, lights are to be controlled by flush switches, which are 
to be placed so as to be visible from the light which is being operated. 
The location of the switches is as shown on plans. 

18. EMERGENCY AND EXIT SYSTEMS: The emergency system 
consists of all lights, indicated on the plans as “E,'' (see illustrations) 
which are used to illuminate the house while the show is going on. The 
emergency lights in the auditorium, aisle lights, lights at each exit door, 
lights in foyer, corridors, stairways, courts and other portions of the 
theatre to which the public has access, shall be connected to a separate 
cabinet “E,’^ known as the emergency cabinet. This cabinet is to be fed 
by a separate feeder. There are sev(iral '^servicecircuits on the stage, 
in the basement and in the front portion of the building. These must be 
run so as to cut in ahead of all main switches on the various cabinets and 
to draw current through proper fuses in a manner that will allow those 
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circuits and lights to be used with the main switches^ in the cabinets, 
open. Special mention of these circuits is made hereinafter. 

19. BRANCH CIRCUIT LIGHTING CABINETS: All branch 
circuit lighting cabinets shall be flush or wall mounting as noted, and 
shall be constructed of code steel, provided with concealed hinge doors 
with Yale locks and masterkeyed, and .J1 shall have a standard side wiring 
gutter. All branch circuit lighting panels shall be safety type with 
safety type switches in the mains and sub-mams. Bus bar work shall be 
satin finish. Branch circuit buses shall be of Edison Plug Fuse type, and 
each branch circuit shall be equipped with a No. 2645 Bryant panel board 
push switch placed under a sectioual dead-front plate. Each switch 
shall have a card holder. Fuses and switches shall be in separate 
compartments. 

20. MOTORS: All mot(»rs and starting devices will be furnished and 
delivered to the building by others, but this contractor shall receive and 
set same in place and make all necessary electrical connections. Provide 
a Trumbtill, or equal safety type externally operated switch for each 
motor. This contractor shall include in his bid all necessary labor and 
material for connecting the motors complete ready to run. The remote 
control starter for organ motor is to be furnished by others. 

21. SERVICE FUSING CABINETS—SWITCHBOARDS AND 
PANELS: There will be 17 principal switch and fuse cabinets in the 
theatre for the distribution of light and power. These 17 cabinets are as 
follows: 

No. 1—Cabinet **A’*—General-Lighting Cabinet for theatre lights. 

No. 2—Cabinet *^B’*—Emergency Service Board for theatre emer 
gency and exit lights. 

No. 3—Cabinet “C^’—General-Power Cabinet for theatre power. 

No. 4—Cabinet —Major Remote Board under stage. 

No. 5—Cabinet “E’'—Emergency cabinet. 

No. 6—Cabinet ^‘H’'—Externally operated power switch for the 
converter. 

No. 7— Cabinet ‘*G’'—Front door man^s cabinet for general light 
in lobbys and foyer, etc. 

No. 8—Cabinet —Shop cabinet for all stores and shops. 

No. 9—Cabinet —Ditto for all offices and public lights. 

No. 10—Cabinet '^P*'—Major Combination Pilot board and 
Dimmer Bank on the stage. 

No. 11—Cabinet *'0''—Picture Booth Cabinet for lights and small 
motors in booth. 

No. 12—Cabinet —Sign cabinet for theatre signs. 

No. 13 to 17 inclusive—Five branch cabinets in 5 shops. 


22. CABINET “A:^^ (Figs. 630 and 635) The main service will enter 
(JT, Fig, 530) the building in the switchboard room which is located under 
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the stage as shown on the basement plan. Service wires and conduits 
to be brought to this cabinet, from the service Company's entrance 
(X, Fig. 530) in the alley, by the electrical contractor. The seivice wires 
(Fig, 550) to feed this mam theatre lighting service, cabinet ‘‘A,” shall 
consist of 6—600,000 C.M. cables. The service cabinet shall bo 



Fio 535—Oenoral-lightiijg cabinet—Cabinet “A*’—for Imhau'i theatre, Terrt 
Haute, Ind {Frank Adam hit* trie Co ) ThiH ib the shop drawing inadi by tho switch¬ 
board manufacturer baned on the electrical engineer's sketch, Tig .551 


floor mounting and shall be constructed of No. 10 steel, the doors to be 
equipped with vault handles and plain hing(*s. CabiiH’t to have a stand¬ 
ard side wuring gutter. Panel to be l^^-in black electrical slate and 
contain the following (see Figs, 635 and 551). 
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Circuit 

No. 

Description 

1 

1 1,200-amp., 110-220 volt N.E C. fused service switch, with 
space for current transforp’^r, feeding the following circuits, 

2 

1 100-amp., 3-pole, N E.(X fuse connection, connected to bus 
behind the current transformers so that separate meter may 
be used, to feed Cabinet J.’' 

3 

1 100-amp., 3-pole, N.E.C. fuse connection, connected to bus 
behind the current transformers so that separate meter may 
be used. Spare. 

4 

1 30-amp., 3-pok, N.E.d fuse connection to feed the 

220-volt motor. 

6 

1 200-amp., 3-pole, N.E.C. fuse connection to feed Cabinet 

6 

1 400-amp., 3-pole, N.PIC. fuse connection to feed Cabinet 

7&8 

o. 

2 400-amp., 3-pole, N.E.C. fuse connections to feed the 

1 remote board, 


23. CABINET (Figs. 530 and 555): The service-switch cabinet 
for the theatre emergency-and-exit lighting will be 100-amp., 3-pole, 
N.E.C, fused, safety-type, externally-<>perated switch, Trumbull, or 
equal, as approved by the architect. Tliis switch is to be connected 
by 3 No. 0 V ires in l}^-in. conduit to a separate set of transformers so as 
to insure independent emergency lighting for all means of exit which are 
used by the public. This contractor shall run 3 No. 0 wires in a IJ^- 
in. conduit (Fig. 550) to cabinet (Figs. 531 and 540) in doorman's 
closet in lobby. 
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24 CABINET'* (Fig 536) This is the general power cabinet and is 
to be located along side of Cabinet "A,” (Fig 530) and is constructed 
along similar lines This cabinet ^ ill have a standard side wiring gutter 
Feeders for this cabinet to be 4-2/0 cables in a 2-ini conduit from the 



Fia 636 —General-poHor oabinetr—Cabinet “C”—for Indiana Theatre Terre Haute, 
Ind {Frank Adam Electric Co ) This is the shop drawing made by the switchboard 
manufacturer based on electrical engineers sketch Fig 552 

service company's entrance (Fig 630) m the alley, supplying 440-volt, 
2-phase alternating current The panel for this cabinet (Fig 536) will 
be 1 J^-in black electncal slate, and shall contain (Fig 552) the following 
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Circuit 

No. 


Description 


1 

2 

3 

4 

5 

6 

7 

8 
9 


1 200-amp.y 4-pole, N.E.C. ^ ised service switch, provided with 
necessary test links and meter loops. 

1 100-amp., 4-pole, N.E.C. fuse connection to feed 30-h.p. 
typhoon fan. 

1 100-amp., 4-pole, N.E.C. fuse connection to feed 25-h.p. 
heater fan. 

1 60-amp., 4-pole, N.E.C. fuse connection to feed converter. 

1 60-amp., 4-pole, N.E.C. fuse connection to feed 20-h.p. 
typhoon fan. 

1 30-amp., 4-pole, N.E.C. fuse connection to feed organ motor. 

1 30-amp., 4-pole, N.E.C. fuse connection to feed vacuum 
motor. 

1 30-arap., 4-pole, N.E.C. fuse connection to feed 10-h.p. 
fan motor. 

1 30-amp., 4-pole, N.E.C. fuse connection, spare. 


26. METERING: Provision shall be made for the following meters: 

1. One for total lighting load of the theatre, controlled by 
Cabinet 

2. One for the total power load of the theatre controlled by 
CABINET 

3. One for the emergency and exit lighting load of the theatre, 
controlled by Cabinet 

4 to 8. Five at Cabinet for the 6 shops on 1st floor. See 
also Clause 46. 

This contractor will bring out cables through required meter-fittings 
and provide a neat meter-board, painted black, for the accommodation 
of each meter. The meters will be furnished by others. The contractor 
shall confer with the representative of the local electric-service company 
and with the architect before deciding on the method of arranging the 
meters 

26. CABINET ‘‘P” PILOT BOARD ON THE STAGE (Figs. 637 
and 563): The electrical contractor is to furnish and install complete a 
Major” dead-front Pre-Selection system as manufactured by the Frank 
Adam Electric Company, St. Louis, Mo., consisting of a pilot-board '*P” 
located on the stage as indicated on plans (Fig. 531), and a remote-board 
^‘D” in the basement under stage (Fig. 530) as shown. 

The pilot-board (Figs. 537 and 563) shall be made up of the number of 
switch units as per schedule following (Clause 27), mounted on an angle- 
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iron frame enclosed in a steel cabmet made of No 10 U S gauge steel 
This cabinet shall be provided with a 4-in mat of No 10 steel The 
upper part of the mat shall contain 3 No 61,777 receptacles and three 
pear-shaped green shades (A and /, Fig 537) for lighting the pilot-board 
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Two of these lights shall be controlled by a tumbler switch on the pilot- 
board, and one shall bo so connected (Sec. 442) as to indicate whether the 
pilot board is dead or alive. The lower part of the mat shall be provided 
with a 3-wire flush receptacle, Bryant No. 425, (B, Fig 537) complete, 
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with plug attached to one end of 50 ft, of 3-conductor, No 14 stage 
cable, with a No 2,642 Bryant Momentary contact push switch on the 
other end of the cable This is to be so wired (Fig 538) that the momen¬ 
tary-contact switch will control «iny or all pilot switches on the entire 
pilot-board, cxcc pt those for the house hghts 

There shall be 2 No 2,642 Bryant uoinentary contact push switches, 
one located at the Door-man's Station (i/, Fig 531) and the other one 
on the front w ill of the operating booth (a;, hig 531) between look-outs 
These switches shall be wired in multiple and connected to the house 
iniin by 3 No 14 wires, to control all or an> p irt of the hghts in audi¬ 
torium Provide the necessary number of 7-gang plates (Fig 537) and 



f 10 'ilS Wiring diigram of Major pilot board for Indiana Theatre Tcrrt Haute, 
lud {} 11 k A lam Electric ( o ) 

switches to piovide a (i L flush tunibkr switch as pei schedule (clause 
28) under tumbler switches on Pilot Board The tumbler-swiUh plates 
shall be the same gauge and finish as the pilot-switch plates Each 
pilot-switch, except the masters, shill be provided with a pilot-light 
(Sec 443) and color-cap coiresponcling with the colors of the lights 
controlled by the respective pilot-switches This pilot-lamp shall 
be connected to the limp-group controlled by the corresponding pilot- 
switch liiich pilot-switch shill be provided with an etched copper 
name-plate showing the name of the circuit controlled Provide a 
special plate (1 ig 551) to take push buttons for calling dressing rooms 
The back of the pilot-board—magazine panels. Fig 539—shall be 
made up of the required number of bus-bar fuse panels of 1-m thick 
ebonv asbestos, with a 4-in removal stiip of steel between adjacent 
panels These panels shall be of the polarity type (Sec 440) and shall 
have wire holes for mains and branch circuits Provide angle lugs for 
attaching mams to bus All branch circuits of capacities of from 1 to 
28 
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30 amp. shall be of the Edison-plug-fuse type. All branch circuits of 
30 amp. and over shall have N.E.C. fuses. Provide a name-plate for 
each branch circuit. This name-plate is to be located between bus-bars, 
and to be lettered as per instructions. The electrical contractor shall 
submit a detail shop drawing of these panels (see Fig. 539) for the archi¬ 
tect or his electrical engineer's approval, before proceeding with this 
work. 



Fig. 639.—Magazine cabinet for the Indiana Theatre, Terre Haute, Ind, {Frank Adam 

Electric Co.) 

In addition to the above pilot switches on the pilot board, there shall 
be 24 double-pole tumbler switches (Figs. 537,540, and 553); one for each 
branch circuit of the red, white and blue incandescent stage pockets. 
Each tumbler switch is to be connected into the branch circuit between 
the magazine panel and the incandescent stage pocket outlet. 































































27. SchedxtijE op Pilot, Magazine and Remote Switches and Dimmebs 
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28. TUMBLER SWITCHES ON PILOT BOARD “P.” In Addition 
to the pilot switches shown in the foregoing schedule there are a number 
of tumbler switches on the pilot board (Fig. 537) which are fed by a 
constant section (Fig. 539) of the magazine panel at the rear of the 
pilot board. There shall be a total of 24-plug fuse circuits on magazine 
panel fed by 3 No. 6 wires from remote board The tumbler 

switches (see Figs. 637 540 and 553) are for all outlets lettered 
on plans and control the following: 

T-1 Controls 1 10-watt and 3 60-watt lights (Fig. 637) on front and 
rear of pilot board. (Lamp I, Fig. 537) is connected as described 
in Sec. 442.) 

T-2 and T-6 Work lights: Controls the 2 300-watt work lights (Fig. 533) 
in the center of each border light. (See border light specifications.) 
T-3 and T-4 Omitted. 

T-6 Rigging loft: Is a 3-way and controls 6 outlets (Fig. 532) above 
rigging loft. These outlets to be 8B boxes complete with cover 
sockets. These outlets are also controlled by a 4-way switch on 
fly floor, also by another 3-way switch in the rigging loft. 

T-7 Orchestra lights: Is a 3-way and controls 8 duplex flush receptacles 
(Fig. 531) for orchestra stands. The other 3-way switch is at the 
leader’s stand. Get the exact location of this switch from the 
Architect. 

Note: This contractor shall furnish complete 10 Major type, or equal, 
approved music stands wired complete with 10 ft. of cable. 

Nate: (Switch No. 221, Figs. 537 and 540). This contractor shall 
also furnish and install complete to the orchestra pit a signal system 
as follows: 1 circuit from the constant buss on the rear of the pilot 
switchboard through a single circuit momentary contact push- 
switch Gocated on the pilot switchboard) to a cover socket, ocated 
under footlight trough in view of the leader of the orchestra. 
T-8 Is a 3-way and controls 2 ceiling outlets with cover socket, also 
6 wall outlets (Fig. 531) on side walls of stage complete with pull 
chain sockets and crescent wall guards. Note all the above outlets 
are also to be controlled by a 3-way switch at one stage entrance 
and a 4-way at the other stage entrance. 

T-9 Dressing rooms: Controls 12 outlets in 4 upper dressing rooms 
(Fig. 533) also 4 outlets in passage ways and stairs to upper 
dressing rooms. 

T-10 Controls 3 outlets (Fig. 532) on fly floor, also 3 outlets on stairway 
to fly floor and rigging loft. These outlets to be complete with 
cover sockets and crescent wall guards. 

T-11 Controls 4 100-watt outlets (Fig. 531) in the property and storage 
space. These outlets to be complete with drop cords, key sockets 
and Loxon guards. 

T-12 Is a 4-way and controls 10 outlets (Fig. 630) in basement passage 
ways, toilets, stair leading to basement, also one outlet (Fig. 531) 
outinde over stage entrance. All to be complete with cover sockets, 
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except the ones over the stage entrance, and these shall have a goose 
neck of H-in. conduit complete with a 14-in. R.L,M. Standard 
steel reflector. 

T-13 Controls 12 40-watt outlets (Fig. 530) over make up tables in 4 
dressing rooms in basement. 

Note: All dressing room outlets to be 8B boxes with cover sockets, 
complete with crescent wall guards. 

T-14 Controls 2 300-watt ceiling outlets (Fig. 530) in future chorus 
room. 

T-15 Controls 8 outlets (Fig. 530) in switchboard room, musicians' 
room and animal room, all with drop cords complete as per T-11. 
T-16 Controls 12 40-watt outlets fFig. 630) in basement heater rooms. 
See note under T-ll. 

T-17 Heater ouUet: Contiols heater outlet (Fig. 530) in basement. This 
outlet to be complete with Bryant No. 558 Heater Control Com¬ 
bination. 

T-18 CiJontrols 8 50-watt outlets (Fig. 533) in organ lofts. 

T-19 Controls 8 60-watt outlets (Fig. 532) in attice space and fan rooms. 
See note under T-ll. 

T-20 Cleaners oitUet: Is a 3-way and controls 1 1000-watt outlet (Figs. 
532 and 533) on the gridiron at the center line, 2 ft. behind the 
proscenium wall. This outlet to be complete by this contractor 
with an 18-in. standard R.L.M. steel reflector and mogul receptacle 
equipped with No. 14 stage cable of length to allow the reflector to 
be lowered within 6 ft. of the stage floor. 

29. REMOTE BOARD PANEL This contractor shall furnish 

and install complete a Major Remote Control Board (Figs. 541 and 554) 
at position (Fig. 530) as indicated on plans. This remote board shall 
be made up of the required number of remote switch panels as per the 
preceding schedule (Clause 27). Each remote switch panel shall contain 
1 100-amp. Cutler-Hummer Major special remote switch, with N.E.C\ 
fuse connections of proper capacity for load. The remote switch 
panels shall have back connected studs, and be so connected (Fig. 542), 
to the main buss on the rear of the board, that both the remote switch 
and fuses will be dead when the switch is open. The remote switch 
panels shall be drilled for 30, 60 and 100 amp. N.E.C. fuse connections 
80 that it will be possible to change fuse capacity to take care of future 
increases in the load. The entire remote board shall bo inclosed in a No. 
10 gauge steel cabinet with both front and rear access doors. This 
cabinet shall be placed so as to be accessible from botli front and rear. 

30. SCHEDULE OF REMOTE SWITCH CONTROLS FROM 
PANEL *‘D" (Fig. 641): 

D-2 White Main controls remote switches No. 5 to 15 inclusive. 

D-3 Red Main controls remote switches No. 16 to 25 inclusive. 

D-4 Blue Main controls remote switches No. 27 to 37 inclusive. 

D-5 Footlights: White Foots controls 150 60-watt lamps fed from 8 
branch circuits (Nos. 49 to 56, Fig. 539) on the rear of pilot switch- 
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board. These circuits to be brought to a puli-box located below the 
stage floor, at the end of the trough near the pilot switchboard. 
Connections between the trough and pull-box arc to be made with 
Greenfield Flexible conduit, so that the trough can be removed for 
cleaning without disturbing any connection. Reflector and lining 
of gutter to be furnished by others. Footlights to have 150 White, 





i V,0 *' 0 *ir> ^ *9 9 *‘a t? * V 


Fia. 641.—Front view of remote board with doors removecl, for the Indiana Theatre, 
Terre Haute, Ind. {Frank Adam Electric Co.) This shows the switchboard manu¬ 
facturers shop drawing 

75 Red, and 75 Blue lights, all of which are 60 watt. The reds and 
blues shall be in the upper row, and the whites in the lower. The 
lights shall be wired on alternate circuits (Fig. 529) all the way across 
the trough. Use No. 12 D.B.R.C. wire for the wiring of the foot¬ 
lights. For detail of footlights see Fig. 543. 
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D-6 Proscenium strips: White proscenium strips right and left con¬ 
trols 8 300-watt lamps (Fig. 531) fed from 2 branch circuits (Nos. 



Fiu. 542 —Wiring diagram of thp Major remote board for the Indiana Theatre, Terre 
Haute. Ind {Frank Adam FAeitnc Co) Ihia diagram is furnished by switchboard 
manufacturer 

57 and .58, Fig. 539) on the lear of the pilot switchboaid. Furnisti 
and install two ''Major” type prohcennnn strips These strips 



Fig 543—Section showing detail of footlights 


shall be constructed similar to borders, wired for 3 colors for each 
strip, one circuit for each color, with 4 300-watt type C-lamps 
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per circuit. This contractor shall furnish 24 color frames for 
the two proscenium strips. Each strip shall be 16 ft. long. Each 
lamp shall be in a separate compartment with suitable groove for 
receiving color slide or frame. These grooves to be the same size as 
the grooves in the borders, so that the frames for the borders and 
prosceniums will be interchangeable. These strips to be equipped 
with a heavy wire mesh guard hinged at one side and provided with 
a catch at the other side. Guards to be made in two sections, mesh 
to be approxirnatiily 1square. Prosceniums shall be located as 
shown on plans (Fig. 531) and shall be painted same as the borders. 

Note by Author .—Inasmuch as this Terre Haute theatre is, for the present to i>e used 
as a moving pioture-house only, the proscenium strips arc omitted. A platform or 
miniature stage has been built on the stage. This platform is provided with a footiight 
trough which is to contain outlets for 90 00-watt lamps. They are called (Fig. 540) 
platform foots. These 90 outlets are wired on three colors as follows: 30 white, 30 red, 
and 30 blue. The lamps of each color are fed from the two magasinc circuits which, 
according to the original specifications, were intended to feed the proscenium strips. 
Thus, if at any future time, it is desired to use the house for vaudeville or “legitimate," 
the proscenium strips may be provided at a minimum expense. 

D-7 Border lights: White border No. 1 controls 12 300-watt lamps 
(Fig. 533) fed from 3 branch circuits (Nos. 67 to 69, Fig. 539) on the 
rear of the pilot switchboard. This contractor shall furnish 
complete 2 *‘Majorlite*’ borders. These borders shall be con¬ 
structed of No. 20 gauge iron, equipped with mogul receptacles 
G.E. No. 159,380 and wired with No. 12 Underwriters^ “slow 
burning’’ wire, see Code Rule 38e, par. 6. Each lamp shall be in a 
separate compartment with suitable groove for receiving color 
slide or frame. Lamps are to be spaced on 12-in. centers. Each 
border shall be wired for three colors. Border No. 1 shall have 
36 300-watt Mazda C lamps, 12 white, 12 red and 12 blue. Border 
No. 4 shall have 24 300-watt Mazda C lamps, 8 white, 8 red and 
8 blue. This contractor shall furnish 60 color frames for the two 
borders. In addition to the above circuits there shall be a separate 
circuit run to the center of each border to feed a 300-watt work 
light. This light is to be controlled by a tumbler switch located on 
stage switchboard. Four of these work lights may be placed on 
one circuit, but a separate tumbler switch must be provided for 
each light. 

Border No. 1 shall be 37 ft. long. Border No. 4 shall be 25 ft. long. 
This contractor shall install necessary chain hangers and giant 
strain insulators and border light cable for each border. Borders 
shall be painted two coats aluminum inside, and two coats dull 
black outside. Steel cable, counter weights and all other rigging 
furnished by others. In the rigging loft the contractor shall install 
2 large pull boxes of 10 circuits each, located 10 ft, off center, each 
to take care of connections to the magazine panel on rear of pilot 
switchboard. The pull boxes shall have bushed opening for bring¬ 
ing out border light cables which shall be fastened t^o the box in such 
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a manner so as to take the strain from the connection to the circuit 
wires Border light cables shall feed border at its center and shall 
be of length to allow borders to come within 6 ft of the stage 
floor Border Nos 3 and 4 and wiring for same to be omitted 
Also omit pilot and remote control switches and dimmers for 
same, but arrange space so the^ can be installed in future 
O- 8 WhUe holder No 2 Blank 

D- 9 WhUe border No 3 Blank 

I)-10 White border No 4 (Same as white border No 1 exrept to be 
26 ft long with 24 300-watt bghts on 3 colors ) 

D-11 Cradle ^pots Then will be cradk (Fig 544) or swinging bridge 
furnished by others but this contractor shall furnish and install 
all necessary elec trical connections for 9 1,000-watt spot outlets on 



Fifi 544 C radio foi cradle spots ( \ board fl >or is laid on bottom of cradle ) 


this cridle installed in the following manner 3 1,000-watt outlets 
arc to be switched on D-11, 3 l,00()-watt outlets on D-22, and 
31,000-wat t outlets on D-33 This contractor shall install a pull box 
(Fig 531) flit on the iigging loft at point as indicated on the plans 
hiom this pull box hang 1 18-conductor, No 12 border-light cable 
of bufficieiit lengtli to allow the cradle to be lowered to the stage 
floor This cable to feed into *i pull box on the rail of the cradle, 
and fjom there to 9 10-amp No 77U flush receptacles mounted 
equ il distances apart all the way across the rail of the cradle using 
conduit and condulets 

D-12 Balcony floods White balcony floods —fuinish 6 1,000-watt 
balcony flood lamps with color frames on three c olors, white, red 
and blue, and install 0 10-amp flush receptacles (Fig 533) in the 
front wall of the operating room above the ledge for attaching 
6 1,000-watt nitrogen spot lights These outlets to be wired for 
3 (olors, with 2 outlets per color Use C H Co’s. No 7711 flush 
receptacle Confer with architect for exact location of these 
outlets 

D-13 Orchestra spots White orchestra spots —furnish 6 1,000-watt 
orchestra spot or flood lamps with color frame Furnish and 
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install 6 lO-amp. flush receptacles (Figs. 533 and 534) above main 
ceiling, one at each of the rectangular openings. These outlets are 
to be equipped as per outlets under D-12 and are for 1,000-watt 
spots. 

D-14 Stage pockets: White incandescent stage pockets —controls 8 15-amp. 
receptacles fed from 8 branch circuits (Nos. 59 to 66, Fig. 539) on 
the rear of the pilot board. Contractor shall furnish and install, 
where shown on plan (Fig. 531) 8 stage pockets, three on each side 
of the stage and two in the rear of the stage. Four (4) of these 
pockets shall have 1 35-amp. arc, and 3 15-amp. incandescent 
receptacles, and four (4) shall have 3 15-amp. incandescent recep¬ 
tacles to be Kliegl, Major, or equal, as approved by the architect. 
These stage pockets shall be set flush in the stage floor and shall be 
provided with steel frames. The steel frames shall be insulated 
from the conduit system. Contractor shall furnish a total of 4 arc 
plugs and 24 incandescent plugs for these pockets. Feeders to 
each arc receptacle shall be No. 6, D.B.ll.CJ. wire, and to each 
incandescent No. 12 wire. 

D-15 Stage arc pockets —controls 4 35-amp. arc receptacles fed from 
4 60-amp. N.K.C. fuse circuits (Nos. 226 to 229, Fig. 539) on the 
rear of the pilot switchboard. 

D-16 Red foots —controls 75 60-watt lamps fed from 4 branch circuits 
(Nos. 70 to 73, Fig. 539) on the rear of the pilot switchboard (see 
detail of footlights, Fig. 543). 

D-17 Proscenium strips (red) right and left —controls 8 300-watt lamps 
(Fig. 531) fed from two branch circuits on the rear of the pilot 
switchboard (see note under D-6.) 

D-18 Red border No. 1—controls 12 300-watt lamps (Fig. 533) fed from 
three branch circuits on the rear of the pilot switchboard. 

D-19 Red border No. 2. Omitted. 

D-20 Red border No. 3. Omitted, 

D-21 Red border No. 4 (see D-10). 

D-22 Red cradle (see D-11). 

D-23 Red balcony floods, same as D-12. 

D-24 Red orchestra spots, same as D-13. 

D-25 Red incandescent pockets —controls 8 15-amp. receptacles fed from 
8 branch circuits on the rear of the pilot switchboard. 

D-26 Omitted. 

D-27 Blue foots —controls 75 60-watt lamps fed from 4 branch circuits 
on the rear of the pilot switchboard (see Fig. 543). 

D-28 Blue proscenium strips right and left —controls 8 300-watt lamps 
fed from 2 branch circuits on the rear of the pilot switchboard 
(see note under D-6). 

D-29 Blue border No. 1—controls 12 300-watt lamps fed from 3 branch 
circuits on the rear of the pilot switchboard. 

D-30 Blue border No. 2. Omitted. 

D-31 Blue border No. 3. Omitted. 
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D*32 Blue harder No. 4 (see D-10). 

D-33 Elm cradle (see D-11). 

D-34 Blue halcony floods, same as D-12. 

I>-35 Blue orchestra spots, same as D-13. 

D-36 Blue iucandescenl stage pockets —controls 8 1.5-amp. receptacles fed 
from branch circuits on the re 4.* of the pilot switchboard. 

Note: There shall be one tumbh*r switch located on the pilot 
switchboard for each of these receptacjes. 

D-37 Blank. 

D-38 Auditorium main, controls switches Nos. 39 to 47, 

D-39 Side wall coves: Amber —Controls 64 200-watt lamps (Fig. 634) 
fed from 12 branch circuits on the rear of the pilot switchboard. 
This contractor shall furnish and install complete 192 X-Kay No. 
CIO reflectors for 2(K>-watt lamps placed on 12-in. centers in the 
two side wall coves and arranged on three-color wiring. The 
reflectors to be complete with holders, sockets and ware troughs. 
There will be 04 200-watt lamps for the amber, 04 200-watt lamps 
for the red, and 64 200-watt lamps for the blue. This contractor 
shall furnish 192 color frames and color screens for the auditorium 
coves. 

D-40 Organ grill balustrades: Amber —Controls 10 250-watt lamps 
(Figs. 533 and 534) fed from 2 branch circuits on the rear of the 
pilot switchboard. This contractor shall furnish and install com¬ 
plete 30 X-Ray, No. 800, projector reflectors for 250-watt lamps, 
placed in the two organ ballustrades, arranged on three-color 
wiring. The reflectors to be complete with color screen holders 
and color lenses, also sockets and holders. There will be 10 250- 
watt lamps for the amber, 10 250-watt lamps for the red, and 10 
250-watt lamps for the blue, lliese to be arranged for flood 
lighting the proscenium arch and organ grills. 

D-41 Behind orgaii and oriole g/ills: amber —C/ontrols 112 40-watt 
lamps (Figs. 533 and 534) fed from 4 branch circuits on rear of 
pilot switchboard. This contractor shall furnish and install 
complete approximately 104 ft. of trough reflectors of various 
lengths to fit behind the art glass of the above places. There will 
be eight 10-ft. sections for placing behind the art glass plaques at 
either side of the organ grills. There will be 4 6-ft. sections 
for placing behind the art glass plaques at the two orioles. Each 
reflector shall be wired for three colors with 40-watt lamps on 
4-in, centers. Furnish detail drawings of these reflectors for 
architect's approval. Install 312 40-watt lamps on three colors in 
the side wall plaques, grills and orioles. There are to be 112 
40-watt lamps for the amber, 112 40-watt lamps for the red, and 
112 40-watt lamps for the blue. The three colors are to be alter¬ 
nated the full length of each trough reflector. 

D-42 Controls red, same as D-39. 

D-43 Controls red, same as D-40. 
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l>-44 Controls red^ same as D-41, 

D-45 ('ontroh bluet same as D-39. 

D-46 Controls hluey same as D-40. 

D-47 Controls blue^ same as D-41. 

D-48 Controls feeders to magazine circuits to inc., for fusing 

pilot board. 

31. CABINET G ^^—FRONT 
DOORMAN’S OR LOBBY CABI¬ 
NET: This cabinet (Fig. 645) is for 
all lights (except emergency and sign) 
in the front portion of the building 
and is located in the doorman’s closet 
(Fig. 531) as indicated on plans. 
This cabinet is to be wall mounted 
and shall contain a bus bar type 
panel with a lOO-arnp. no fuse knife 
switch for the mains and safety type 
push switch for all circuits under 
20 amp. The fuses for the branch 
circuits shall be in a separate compart¬ 
ment. Each switch shall be provided 
with a card holder. This cabinet 
is to be connected to circuit No. 6 in 
Cabinet *‘A” by 3 No. 0 wires in a 
2-in conduit. 

Note: Circuits G-33 to G-36 are 
not switched and must be placed 
ahead of main switch. 

32. SCHEDULE OF CONTROLS 
—CABINET ‘^G”: 

G-1 and G-2 CJontrols 2 1,320-watt 

circuits to center ceiling outlet (Fig 
533) in rotunda. Fixture by others. 
G-3, Gr4 and G-5. Omitted. 

G-6 Controls 4 150-watt bracket 
outlets (Fig. 532) on side wads 
of upper part of rotunda. 

G-7 Same as G-6. 

G-8 Controls 2 300-watt bracket 
outlets (Fig. 531) on side walls 
of promanada. 

G-9 Same as G-8. 

G-10 Controls 1 1,000-watt floor out 
let (Fig. 531) on promanada. 

G-11 Omitted. 



Fio. 645.—Front doorman'e cabinet 
—Cabinet “ G ”—for Indiana Theatre, 
Terre Haute, Ind. {Frank Adam Elec^ 
trie Co,) This shows the switchboard 
manufacturer’s drawing. 


G>12 Same as G-10. 
G-13 Omitted. 
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G-'14 Same as G-10. 

G-15 Omitted. 

G-16 Same as G-10. 

G-17 Omitted. 

G-18 Controls 15 40-watt soffitt outlets (Fig. 531) in pronianada. 

G-19 Same as G-18. 

G-20 to G-22 Omitted. 

G-23 Controls 4 100-watt outlets (Fig. 531) on coiling of promanada 
G-24 Controls 4 150-watt base plug outlets (F‘g. 531) in the promanada. 
G-26 Controls 6 100-watt base plug outlets (Fig. 531) in the promanada. 
G-26 Omitted. 

G-27 Controls 6 100- and 1 50-wati outlets (Fig. 533) in screening 
room. 

G-28 Controls 2 300-watt outlets (Fig. 631) for newel posts on stairs in 
promanada. 

G-29 Controls 8 75-watt outlets (I'lg. 531) in ceiling over fountain. 

G-30 Omitted. 

G-31 Controls (Fig. 531) 2 50-wait outlets in men’s toilet, 6 50-watl 
outlets in ladies parlor and toilet, 1 50-watt base outlet in ladies 
parlor, and 1 100-watt ceiling outlet in ladies parlor. 

G-32 Signs: Controls 6 25-watt sign outlets (Fig. 531) over doors. This 
contractor shall furnish and install complete 6 No. 19,424 Polaralitc 
signs made by I. P. Frink Company. These signs to have the 
following lettering; Balcony,’’ ‘‘Check Room,” “Ladies Parlor,” 
“Smoking Room,” “Aisle 1,” “Aisle 2,” and baby spot in proma¬ 
nada ceiling. 

G-33 Feeds 6 60-watt, ceiling outlets (Fig. 531), and 4 60-wait base 
plugs in box office. 

Gr-34 Feeds 1 60-w^att outlet in doorman’s closet, 1 60-watt outlet in 
Check Room, 1 60-watt outlet in Janitor’s closet, 160-watt outlet 
in Advertising Room, 1 60-watt outlets in ushers’ room. All these 
outlets to be drop cords. Also 4 60-watt ceiling outlets and 1 
60-watt base plug outlet in Manager’s Office. 

G-36 Feeds Cabinet “0” (Fig. 531 )in operator’s booth with 2 No, 12 
wires. 

G-36 1000-watt machine outlet (Fig. 533) in screening room. 

G-37 to G-42 Controls 64 100-watt outlets (Fig. 533) in the cove in upper 
part of the rotunda. 

G-43 Controls 4 150-watt outlets (Fig. 534) on ceiling over balcony, For 
cleaners’ outlets. 

G-44 Same as G-43. 

33. CABINET “E’’—EMERGENCY CABINET: Cabinet “E” 
(Fig. 546) is the emergency cabinet and is located (Fig. 531) along side of 
Cabinet “G.” This cabinet and panel to be constructed similar to 
Cabinet “G,” and shall have a 100-amp. main line remote-controlled 
switch (Fig. 546), not fused, with safety-type push switches in the 
branches. This cabinet is connected to the emergency switch cabinet 
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by 3 No. 6 wires in an IJ^-in. conduit. This remote switch is 
controlled from the momentary-contact switch (Fig. 631) in the 
rotunda. 

34. SCHEDULE OF CONTROLS FROM CABINET ‘^E": 


K.'^5-. ^ 

sJrU* Safety Type Pusf^Buf ton 
I I Panehdoarc/ Switches^, j 



E-1 Controls 4 150-watt 
bracket outlets (Fig. 531) 
on the lower portion of 
the side walls of the ro¬ 
tunda. 

E-2 Controls 5 150-watt 

bracket outlets (Fig, 531) 
on the lower portion of 
the side walls of the ro¬ 
tunda. 

E-3 Omitted. 

E-4 C/ontrols 2 3 0 0 - w a 11 

bracket outlets (Fig. 531) 
on pilasters in pronia- 
nada. 

E-5 Same as E-4. 

E-6 Same as E-4. 

E-7 Controls 6 100-watt ceil¬ 
ing outlets (Hg. 531) in 
passage ways leading to 
promanada. 

E-8 Controls 6 100-watt out¬ 
lets (Fig. 531 and 533) on 
stairs to balcony. 

E-9 Controls 8 60-watt side 
wall bracket outlets (Figs. 
531 and 533) in audi¬ 
torium. 

E-10 Same as E-9, except on 
opposite side. 

E-11 Controls 14 50-watt out¬ 
lets (Fig. 533) on main 
ceiling over rear of bsl- 
cony. 

E-12 Controls 8 50-watt 


Fig. 646. — Emergency cabinet — Cabinet 
**E”—for Indiana Theatre, Terre Haute, 
Ind. {Frank Adam Electric Co.) 


bracket outlets (Figs. 531, 
532 and 633) on emerg¬ 
ency stairway to balcony. 


E-13 Controls 7 50-watt bracket outlets (Figs. 631, 532 and 533) 


on stairs to balcony. 

E-14| AtsZe Lights: Control 88 10-w'att outlets (Fig. 533) for aisle lights. 
E-16 J This contractor shall furnish and install complete 62 Brookins 


E-16 j Aislelites and 26 Hush cabinet aisle lights with glass covers. 
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These flush cabinet fixtures with glass covers are to be installed 
in boxes, lamps, stairs, and on partitions. 

E-17 Controls 22 10-watt inside exit lights (Figs. 631 and 533). Con¬ 
tractor to furnish EXIT boxes, sockets, and art glass signs. 

E-18 Controls 14 25-watt outside exit lights (Figs. 531 and 633). Each 
outlet to be water proof. 

E-19 Controls 5 100-watt ceiling outlets in promanada. 

E-20 Omitted. 

35 CABINET “S”—SIGN CABINF/r This cabinet (Fig. 547) 
is of special constniction and 'js shown on Fig. 556 attached here- 


t< - ■ - ‘ 74".>)< .6" >i< ■ H 



Fio 547—SigB cabinet—Cabinet “S”—for Indiana Theatre, Terre Haute, Ind., 
(Franl Adam ElertrK Co ) 

with and which forms a part of those specifications. Cabinetis 
located in (Fig. 531) closet above Cabinet “E” and is of special construc¬ 
tion. Feed Cabinet from Cabinet ‘^A’* with 3 300,000 C.M. 
cables in 2}^-in. conduit. 

36. SCHEDULE OF CONTROLS FROM CABINET 
S-1 Cornice lights: Is a 3-pole, 60-amp. standard knife switch feeding 
6 branch circuits for 08 75-watt lami>s (Fig. 533) in sofiStt of 
cornice. This contractor shall furnish and install these outlets 
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complete. C5onfer with contractor for terra cotta, and with the 
architect for the method of installation. 

S-3 Canopy lights: Is the same as S-1 but it feeds 6 branch circuits 
for 99 75-watt outlets (Fig. 531) in inside section of canopy. 

8-4 Main sign: This is a 100-amp, 3-pole knife switch feeding 3 No. 1 
wires to roof, where flasher box wdll be installed by others. 

8^2 Canopy lights: Same as S-1 feeding 8 branch circuits for 132 
75-watt outlets (Fig. 531) around edges of canopy. This con¬ 
tractor shall furnish and install 17-A boxes with P & S cover sockets 
for all canopy outlets. 

S-6 AUraction sign on canopy: Same as S-4 feeding 3 No. 4 wires 
for sign on front edge of canopy. 

S-6 Future sign: Same as S-4 feeding 3 No. 2 wires to an outlet over 
canopy at center of building for future sign. 

87. CABINET IN OPERATING ROOM: Cabinet ^01” is a 
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>|/ K 
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4-pole, 60-amp., N.E.(\ fused, safety-type, externally-operated knife- 
switch located in operating room (Fig. 531), 

38. PICTURE BOOTH—CABINET ‘‘H”: This switch is to be fed 
l)y 4 No. 8 wires in a 1-in. conduit from fuse connection No. 4 of cabinet 
'<C*^ (Fig. 536) and is to feed the motor generator. The motor-generator 
set and panel will be delivered to the building by the ovrners, but this 

contractor shall receive same, set it 
in place, and make all necessary 
electrical connections. From the 
panel furnished with motor generator 
set, the contractor shall run 1 ^i-m. 
conduit and 2 No. 4 wires to each 
picture machine. These conduits 
shall run through the concrete floor 
and turn up 24 in. from the front 
wall of the l)ooth on the center of the 
projection opening. Furnish type 
'‘A’^ coudulet with 2-hole cover 
located 3 in. aliove the floor. The 
No 4 wires in each conduit shall bo 
long enough to extend to switch 
terminals on machines without splicing. At the same location, contractor 
shall install a J^-in. conduit with 2 No 14 wires from Cabinet for 
the motors on the picture machine, these conduits to run to the 4-circuif 
Cabinet “0.’^ 

39, CABINET “0:’^ Fuse panel Cabinet (Fig. 548) on the wall 

of the booth (Fig. 531) is for booth lights and motors on picture machines 
and rewind. This cabinet is fed by 2 No. 12 wures (see (i-35) from 
Cabinet Contractor shall install a flush push switch controlling a 

flush receptacle at the location of the rewind shelf for the rewind motor. 
From this same cabinet the contractor shall install a push switch at 
the door to control 3 drop-cord outlets, located over the head of each 


push’Button Snotp Switches ' 

Fio. 548.—Panel for picture booth 
cabinet—Cabinet “ O"—for Indiana 
Theatre, Terre Haute, I ml {Frank 
Adam Electric Co ) 
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machine, and one over the rewind shelf, also 1 outlet in vestibule and 1 in 
converter room. These drop cords to be equipped with porcelain sockets 
and guards with cords long enough to reach within 3 ft. of the floor. 
Install 2 No, 6 wires in a 1-in. conduit run from the motor generator 
panel through the floor of the booth to a point on the front wall of the 
booth 18 in. above the floor undei the spotlight opening. Furnish a 
2-hole type “ A** condulet. The owners wil^ deliver to the building three 

Pihf - ^4'' - . >1 



Fio 540.—Side view of pilot board for Indiana Theatre, Terre Haute, Ind , shoiiiing 
location of dimmers, pull-box and magaxine cabinet {Frank Adam Elrctnc Co ) 

picture machines and one spotlight. This contractor shall receive same, 
set them in place and make all necessary electrical connections. 

40. DIMMERS: This contractor shall furnish and install 1 bank of 
Cutler-Hammer Interlocking 110-stcp theatre dimmers, equipped with a 
slow motion cross interlock lever-shaft drive, arranged as in Fig. 637, 
constniction for mounting at the rear (Fig. 549) of the pilot board 
(Fig 531) on the stage. Each dimmer lever is to have an indicator 
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attachment. Plates to be arranged 3 high with the master levers in the 
center of the bank. Dimmers to be of the wattage as per schedule under 
pilot board, Clause 27 and Fig. 640. The house dimmers shall be 
designed for continuous duty. 

41. TELEPHONE SYSTEM: This contractor shall furnish and 
install complete in an operating condition 12H5tation system, location of 
stations as follows: 

1 . Manager's office, combination set (Fig. 531). 

2. Operator’s booth, combination sot (Fig. 531). 

3. Box office, combination set (Fig. 531). 

4. Main doorman, flush tyi>e wall phone (Fig. 531). 

5. Balcony tunnel telephone, flush type as directed (Fig. 533). 

6 . Balcony tunnel telephone, flush type as directed (Fig. 533). 

7. Musicians’ room, wall type (Fig. 530). 

8 . Screening room, wall tj’pe (Fig. 533). 

9. Pilot board on blank panel, combination set. 

10. Orchestra leader, combination set (Fig. 531). 

11. On pilaster in proinanada, flush type (Fig. 531). 

12. Office No. 6, combination (Fig. 532). 

These telephones shall be of the Stromberg-Carlson make and shall be 
of the inter-communicating type with selective ringing and common 
talking lines. Provide a bell ringing transformer for the ringing for these 
telephones, and a Patterson Battery set for the talking side. Provide 
buzzers for all combination telephones. Others shall have bells. 
Provide lead covered telephone cable, installed in ^^-in. conduit for the 
above telephones. 

42. CONDUITS FOR PUBLIC TELEPHONES: This contractor 
shall install proper conduit and pull lx)xes for the public telephone sys¬ 
tems as used in Terre Haute providing outlets (Fig. 531) as follows: 
One outlet in the box office; one outlet in the manager’s office, and one 
outlet in each of the public telephone booths (Fig. 531) in the lobby. 
Conduit only to be installed by this contractor. 

43. DRESSING ROOM CALI.S: There shall be furnished and 
mounted on Pilot switchboard (Fig. 553) a series of 20 push buttons for 
operating the call bells (Fig. 530) in each dressing room, the help's room, 
musicians’ room, property room and animal room. A bell-ringing trans¬ 
former shall be installed for operating the bells. All wires for this system 
shall be lead-covered installed in conduit as specified under telephones. 

44. STORES, OFFICES, SHOPS AND STORE ROOMS: This 
contractor shall install all necessary wiring for the stores, offices, and 
shops, in the theatre building, including switches, flush receptacles, etc., 
all ready for the attacliing of the fixtures and ceiling fans. The ceiling 
fan outlets will not be on any switch. There will be a separate cut-out 
and switch cabinet in each of the five shops (Fig. 531) under this con¬ 
tract. These cut-out cabinets will be located as shown on electric plan 
(Fig. 531). These will be of the flush type, steel construction with mat 
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and door, having porcelain cut-outs of the number as shown on plans, 
inside the cabinet with push button switches in the steel mat of the 
cabinet for control of lights in each shop. 






(?> too A ^ 
(S) lOOAHij 
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Transformer 
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Fia. 651.—Panel for cabinet “A ” 
Klectnoal engineer’s sketch included m 
specifications See Fig 535 for shop 
drawing. 



Fia 652 —Panel for general-power cab¬ 
inet—cabinet " C ” This sketch accom¬ 
panies architects specifications 


45. CABINET Tliis cabinet will be located in the passage 

of the basement (Fig. 530) under the shops on 7th St, as shown on the 


Aws/i Buttons For 

Indicating /amp Pre^ smg Room %tqnafs 



Fio 653 —^Electrical engineer’s sketch of pilot board, “P”—included in the specifications 
for wiring the theatre 


electric plan. This cabinet will be wall mounting, having a slate panel 
on which will lie mounted 1 200-amp. non-fused main line switch, 5 
30-amp., N.E.C, fused, branch circuits for the five stores, 1 60-amp., 
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branch fuse connection for Cabinet “K,” and 1 60-amn fuse, spare 
This cabinet will be fed by 3 No 2 wires in conduit from Cabi¬ 

net “A.” 



Fio 554 —Remote board ** U *’ Electrical engineer’s sketch accompanying 
speufications. 


46. CABINET This cabinet feeds all outlets in all offices, 
and also public lip;hting lettered to ^^K-4 ” This cabinet will be 



located (Fig 532) in the janitor’s closet on the 2nd floor as shown on the 
electric plan, and will contain 14 circuits arranged for separate metering 
of the 7 offices and 1 meter for the 4 circuits for the public lighting. AH 
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wiring to the offices will bo complete by this contractor, ready for the 
fixtures which will be furnished by others. This cabinet is fed by 3 
No. 8 wires from Cabinet 

47. CABINETS AND SWITCHBOARD DIAGRAMS: Attached 
to these specifications are four blue prints (Figs. 550, 551, 552, 553, 554, 
555 and 556) showing the diagramatic arrangement of all panels and 
switch boards on this job. Each outlet on the plan is keyed with a letter 
and numberal indicating which switch in the various cabinets the outlet 
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Fio, 556.—Cabinets " S,” “H”and Sketch accompanying specifications. 


is controlled from. To wit: Outlet G*'-10 Is controlled by switch No. 10 
in Cabinet “G.^^ 

48. GUARANTEE: All material and workmanship shall be of the 
best kind and must meet with the approval of the owner and architect, 
who reserve the right to reject any material not in accordance with these 
specifications either before or after installation. Drawings of cabinets 
and lay-outs must be submitted to the architect also actual samples 
of wire which is to be used before they are either contracted for or pur¬ 
chased by the electrical contractor. 
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QUESTIONS ON DIVISION 

1. Nftme four principal requirementa which should be considered in laying out the 
circuits for lighting a theatre. 

S. What two types of construction are used for theatre service wires? What condi¬ 
tions determine which type is preferable? 

5. Name the three separate servicep with which theatres are usually provided. 
Cinder what conditions may the general-power service sometimes be dispensed with? 

4. Name the two services which a theatre miutf. have. What determines the wire- 
sise for each? 

6. What is the function of the general-power serviced What motors in the theatre 
are not generally fed by the general-power service? 

€. What is the function of the emergencif eervicef 

7. What are emergency lamps? 

8. Why is it desirable that the emergency service and the general-lighting service 
be connected to different street mains? Whore it is impractical to do this, what other 
methods of connecting the emergency service to the source of supply may be used? 
Make a diagram to illustrate each method. 

9. When a storage-battery energy-supply is provided for the emergency service, 
what method is frequently used to connect the regular emergency-service line and the 
storage-battery system to the emergency-circuit feeder? Make a diagram to illustrate. 

10. Why is trouble more likely to occur on the general-lighting service than on the 
emergency service? 

11. Make a sketch of a non-interchangoablc arc-and-incandescent stage pocket and 
explain why either plug will only fit its own receptacle. 

18. What is the function of the general-lighting service? What lamps receive energy 
from this service? 

18. By what type ot current and at what voltage is the energy for lighting a theatre 
usually delivered? That for driving the motors of a theatre? 

14, With what must each service be equipped? How must the service switch and 
service fuses be wired? How should they be mounted? 

10. What type of service fuses is generally used for capacities less than 800 amp.7 
What kind of protection is usually provided when the capacity is greater than 1,000 
amp.? 

16. What is a service board? Where are the service boards for a theatre usually 
locat(Hl? Why? 

17. Why is it sometimes undesirable to locate the service boards in the stage-base¬ 
ment? Make a sketch to illustrate. 

18. Make a diagram to illustrate the general scheme of the circuit-layout which is 
ordinarially used for theatres. 

18. Of what does the general-power cabinet usually consist? Under what conditions 
may the general-power cabinet be located at some point which is remote from the 
s«"rvice entrance? 

80, From what is the converter panel fed? 

81. Of what does the emergency service board usually consist? 

88. Why are the emergency service board and the emergency distribution panel not 
usually combined? 

88. Defino emergency cabinet. Of what docs this cabinet usually consist? Why is it 
advisable to omit the switches in the branch circuits of the emergency cabinet. 

84. Where should the emergency cabinet be located? Why? 

80, What two types of main switches are generally used in the emergency cabinet? 
When a remote-controlled main switch is used to control the emergency cabinet, where 
is the controlling momentary-contact switch usually installed? 

88, What is the purpose of the emergency lamps? About what wattage per square 
foot of floor space is generally required to accomplish this purpose? 

87* What lamps are on the emergency circuit? 

88. How many sets of fuses oan any emergency lamp have between it and the main 
emergency-service fuses? 
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29. Explain why the exit-sign lamps are not. strictly speaking, onsidered to be 
emergency lamps. 

80. Of what does the gentral-^lighiing cabinet usually consist? 

81. Name the distribution centers or cabinets which are ordinarily fed from the 
general-lighting cabinet. 

88. Where is the sign cabinet usually located? Under what conditions may it be 
installed in a different location? What types of switches are used in sign cabinets? 
When the sign cabinet is remote-controlled, where are the oontrolling-momentary- 
oontact switches usually installed? 

83. By what other name is the front^doorman's cabinet sometimes called? Where is 
it nearly always located? Of what does it consist? What lights are fed from this 
oabinet? What lights should be connected ahead of the main switch in this cabinet? 
Why? 

84. Of what does the picture-booth cabinet generally consist? Where is it located? 
Erom what cabinet is it fed? What energy-consuming devices does it serve? 

88. Explain how a profitable current-saving may sometimes be effected by properly 
selecting the circuits to which the lamps in the front portion of the theatre are connected? 

86. Under what conditions is a dresatnp-room cabinet used? From what is the 
dressing-room cabinet fed? What lamps does it serve? When a dressing-room ca.binet 
is not used, where is the distribution center for the lamps which it ordinarily serves? 

87. For what purpose is a shop ccibinet used? From what oabinet is it fed? Explain 
two methods of metering the energy which passes through the shop cabinet. 

88. From what is the etage switchboard fed? What lights are generally controlled by 
the stage switchboard? 

89. Define: (a) House lights, (b) Stage lights, (c) Work lights. What arc the 
lamx>-oolor8 which are generally used for the house and stage lights? In what pro¬ 
portions are those colors generally installed? 

40. Define the following terms: (o) Remote-control switchboard, (b) Remote hoard, 
(c) Pilot board, (d) Individual pilot switch, (e) Sub-metster pilot switch. (/) Master 
pilot switch. 

41. Define and make a sketch to illustrate each of the following: (a) Switchboard 
feeder, (b) Stage-main switch, (c) House-main switch. (d) Color-main switch, (c) 
Magazine switch. (/) Magazine subfeeder, {g) Magazine panel, (b) Magazine circuit. 

48. Draw a sketch to illustrate the general scheme of circuit control as is provided on 
stage switchboards. 

48. Name the principal requirements of stage switchboards. What is probably the 
most necessary requirement? 

44. Where is the stage switchboard usually located? Why? 

40. What kind of stage switchboard is required by the Cons? 

46. What is meant by a manual stage switchboardf A remote-control stage switekboardf 

47. Theoretically, what two methods of remote control of stage switchboards may 
be employed? Which type is used in practice? 

47. Give the classification of manually-operated, dead-front stage switchboards. 
Define each class? Explain how each is operated. 

48. Explain how the similarity in oontrol between interlocking and non-intcrlocking 
switchboards is obtained. 

49. What is the function of a grand-master lever on an interlocking, manually-operated 
switchboard? Of pre-set master levers. 

80. Make a sketch to illustrate the relative location of the dimmers, switchboard and 
magazine panel. What other arrangements are sometimes used? 

81. What is the ampere rating of the smallest size magazine switch that is generally 
used on a stage switchboard? 

88. Name one of the principal types of remote-control stage switchboards.. 

88. Name the advantages of the Major Pre-Sslsctive Control System. 

84. Define pre-seUetive control. 

88, Name the two essential elements of the Major system. 

88. In the Major system, where may the dimmers be mounted? 

87. Describe the operation of the remote-controlled switch that is used in connection 
with the Major system. 
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(|0« M&ke a ftketoh of aoid explain the operation of the Major pilot awitch. Draw a 
symbolioal wiring diagram of the Major pilot switch. 

Name the two switches contained in a Major pilot switch, and explain why each 
IS so named. 

40. Make a sketch of a single lamp-group which is controlled by a remote-controlled 
switch and a pilot switch to show the circuit diagram. Explain its operation, . 

01 , Draw a circuit diagram of six remote-con^ ~oUed switches, which are controlled by 
six individual pilot switches. Also show how two sub-master pilot switches are con¬ 
nected so that each will control three of the individual pilot switches; and a master pilot 
switch to control the entire group. Explain the operation. 

6g. When is a single-pole sub-master remote-controlled switch used for an alternating- 
current system? For a direct-current system. Why is it necessary to provide this 
single-pole sub-master remote-controlled switch. Explain by example, f^how by 
sketch how two such switches would be connected into the installation, a sketch of which 
was drawn in Question 61. 

68. Classify the switches on a Major pilot board and tell what the switches of each 
classification control. 

64, How are the stage pilot switches connected? The house pilot switches? 

66, What type of switch is employed on the Major board to control the work lights? 

66. Define polarity-type distribution panel. Make a sketch of a three-wire polarity 
panel. Make a sketch of a two-wire polarity panel. What is the advantage of a polarity 
panel over that of an ordinary panel? 

67. Draw a sketch to illustrate two methods, which are used in the Major system, 
of connecting the magasine circuits to the remote-board busbars. Why is it sometimes 
desirable to connect a two-pole magazine switch as a three-pole switch with a solid 
neutral? 

68. Show by sketch how the Major pilot board is fed. 

69. Explain how the Major system may be electrically “locked.’’ Draw a sketch to 
illustrate. 

70. Show by diagram how a lamp may be connected to indicate whether the pilot 
board is “dead” or “alive.” 

71. Show by sketch how the indicating lamps on the individual pilot switches are 
connected. 

78. What pilot switches arc not provided with Indicating lamps? Why? 

78. Make a sketch to show how all of the stage and house lights may, in the Major 
system, be controlled by a two circuit momentary contact switch. Explain the utility 
of this feature. 

74, What are theatre dimmerat Into what part of the circuit are they connected? 
Explain how dimmers are operated. 

76. Give the Conn requirement relating to the method in which dimmers must be 
wired. Draw sketches to illustrate two methods of complying with this requirement. 

76. What is the maximum wattage rating of a single dimmer plate? How is a 
lamp-load greater than this maximum wattage dimmed? Make a sketch to show the 
correct method of connecting two or more dimmer plates to dim one lamp-group. 
Make a sketch of an incorrect method. Explain how this incorrect method may result 
in burning out all of the dimmers in the unit. 

77. What is the general rule, to be followed in fusing the stage-switchboard circuits? 

78. Make a diagram to illustrate a method which is sometimes employed in wiring 
the footlights. Explain the utility of this method. 

79. Draw a feeder diagram for the electric wiring of a theatre. Show the location 
of the service entrances, and the location of all oabinets, panel boxes and switchboards. 
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Adam, F., Electric Co., aeeFrank 
Adam. 

Aisle light. 36h 

Alarm-clock switch. 330 

Alternating-currentseries circuits 317 
American Electrician’s Hand¬ 
book,” Croft, T., on 

Kelvin’s law.302 

A. I. E. E. Standardization 

Rules, on temperature rise. 24 
Anderson time switch, classi¬ 
fication.338 

description.331 

Anderson mfg, co., individual 

series lamp control. 344 

time switch devices. 336 

time switch wiring.342 

Apartment houses, hallway lights 

control. 340 

Arc lamp control. 311 

lights. 364 

Arco Wand cleaner. 184 

Arrow electric co., binding 

post. 34 

snap switch. 40 

Auditorium lights.309 

Auto-transformer. 343 

Automatic Switch Co., clapper 

switch. 282 

relay. 296 

B 

Barrier application. 92 

dehnition. 21 

Base, knife switch area, 

decrease. 92 

material. 28 

Baseboard outlet. 106 

Babes, link-fuse cutouts. 110 

material. 37 

support. 87 

Beaver machine & tool co., 

straight-through switch- 14 

tandem switch —... 52 

Binding posts, definition. 33 

use. 27 

see also Terminals. 

Blade-and-jaw contact. 31 
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Bladeknife switch. 24 

Blocks. flush switch box 

support. 104 

Border lights, application.... 364 

wiring. 410 

Branch circuit, definition... 3 

emergency cabinet. 357 

feeding. 229 

fusing. 120 

single-pole switch. 101 

Break- and hinge-jaws. 91 

Brookins Co., aisle-lamp. 368 

Brtant electric co., branch 

circuit mastering. 239 

canopy switch. 64 

door switch. 63, 321 

duplex switch... 254 

electrolier switch. 263 

flush switch. 66 

four-way switch. 77 

heater switch diagram. 264 

circuit connection. 266 

indication. 261 

lever-type switch. 49 

MASTER SWITCH CIRCUIT, 

three-wire. 235 

two-wire. 210 

plug in noutral-wrire cutout.. 120 
PULL SWITCH, illustration.... 67 

use. 60 

SNAP SWITCHES, pendent. 63 

rot ating-bu tton. 42 

surface swritch. 68 

Bull switch. 367 

Burglar circuit. 203 

Busbars. 404 

C 

Cabinet, definition. 22 

Front doorman’s. 466 

Indiana theatre. 466 

Canopy switch. 64 

Carter system, garage light¬ 
ing. 182 

universal mastering.229 

wiring diagram. 191 

Cartridge enclosed fuse. 115 

Ceiling lamrs. control. 310 

emergency circuit.359 
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Ceilinq-ttpb pull switch* 

definition.13 

operation. 67 

u»e. 60 

C'iRCUiT, broken. 1 

CONNECTIONS, electrolier 

switch. 245 

four-way switch. 159 

heater switch. 263 

incorrect, three-way switch 158 

SNAP SWITCHES, classifica¬ 
tion . 66 

series-parallel. 78 

three-pole. 73 

three-way. 75 

switch classification. 15 

time switch. 339 

CONTROL, double-pole switch 138 

stage switchboard. 369 

transformer. 342 

see also Control, 

definition. 1 

DIAGRAMS door-bolt switches 327 

electrolier switch. 246 

Major system. 392 

remote- and direct-control. 314 

emergency, see Master circuit, 

external. 1 

feeder, see Feeder, 

INTERNAL, definition. 1 

duplex switch. 254 

layout, theatre. 355 

master see Master circuit, 

nomenclature. 1 

open. 1 

remote-controlled switch. 271 

restricted. 131 

short. 1 

small-residence. front. 

two branch. 210 

Clapper switch.276 

Code requirements, outline.. . 85 

remote-controlled switch. 299 

time switches. 344 

Code violation, Carter system 194 

Color-main switch. 367 

Combination switch. 18 

Commutating switch, defini¬ 
tion. 18 

four-way. 76 

Conductivity, copper. 25 

Conductor, Carter connection. 198 

identification, master cir¬ 
cuit. 241 

polarity wiring. 124 

three-way switch. 185 

snap switch. 33 

Conduit size. 123 
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Connecticut Electric Mfg. Co., 


Connect! ng-lugs. 27 

Constant-circuit switch, 

definition. 368 

use. 401 

Constant-circuit work lights-401 

Constant-current transformer. . 342 

Contact, auxiliary. 94 

blade-and-j aw. 31 

block. 91 

button. 16 

terminals, link fuses. Ill 

Contactor, double-deck switch 71 

insulation... 37 

magnetic. 285 

mechanisms. 35 

stationary. 33 

Control, arc lamps. 311 

ceiling lamps. 310 

circuit, remote-controlled 

SWITCH, definition. 287 

protection. 299 

circuit, see also Circuit control. 

dimming. 140 

electrolier. 142 

POUR-LOCATION, diagram. 147 

switches. 168 

heating appliance. 108 

master circuit. 312 

MULTI-LOCATION, Carter sys¬ 
tem. 192 

double-pole switches. 148 

economy. 309 

four-way switches. 166 

lamps. 268 

remote-controlled switches. 288 

panel. 356 

pilot switch. 393 

pre-selective. 387 

REMOTE-CONTROLLED SWIT¬ 
CHES, methods. 298 

momentary-contact. 288 

restricted. 6 

RESTRICTED-SELECTIVE, defi¬ 
nition . 7 

double-pole switches. 139 

stair-way lighting. 177 

selective. 6 

series-parallel. 140 

THREE-LOCATION, Carter sys¬ 
tem . 200 

diagram. 147 

hall lamps. 177 

switches. 166 

time switches. 339 

TWO-LOCATION, Carter system 196 
diagram. 146 
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CONTBOL, TWO-LOCATION, ConVd, 

switches. 163 

Copper, conductivity. 25 

wires, fusing. 118 

Cord switch. 16 

Converter, control panel. 356 

Cross-bar, definition. 29 

securing to blade. 91 

Cradle spots. 443 

Croft, T., on heater switches.. 262 

Kelvin’s law. 302 

Cutler-Hammer Mpo. Co., 


door-l)olt switch. 328 

momentary contact switch... 288 
reciprocating blade switch.... 12 

remote-controlled switch. 277 

straight-through switch. 63 

tandem switch. 49 

Cutout, automatic. 116 

definition. 21 

link-fuse. 110 

D 

Dayton Lighting Co., on street 

lamp control. 318 

“Dead front” switchboard. 371 

Dimmer bank. 406 

circuit, as heater circuit. 260 

series-parallel. 151 

location. 381 

Major system.390 

use.406 

Dimming control. 140 

lights. 131 

Direct- and remote-control sys¬ 
tem, combined. 314 

DiRECfT-CONTROL SYSTEM, COSt. . 301 

wire saving. 307 

Distribution box. 22 

CENTER, construction. 22 

definition. 4 

PANEL, fuse arrangement. 119 

polarity-typo. 402 

remote-controlled switch... 309 

Door switch circuits. 270 

description. 321 

one-button. 53 

Double-deck switches, 

definition. 69 

electrolier. 262 

Double fuse connection. 149 

Double-pole switch, branch 

circuits. 102 

connections. 135 

construction. 71 

definition. 17 
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Double-pole switch. Continued, 

heater.266 

knife. 171 

magazine..386 

master circuit. 234 

two-branch circuit.225 

relay. 296 

remote-controlled. 279 

Double-throw operation. 

remote-controlled switches. 294 

swrrcH, definition. 19 

mounting. 99 

Dressing-room cabinet. 363 

Drilling dimensions, remote-con¬ 
trolled switch. 278 

E 

El>er8on, J., on Indiana Theatre 

wiring specifications.411 

Edison system, street lamps.. 318 
Electric circuit see Circuit. 

Electrical Mfg. Co., stage 

switchboard.382 

“Electrical Review” on three- 

way switch installation.... 182 
“Electrical South’' on lamp 
control in moving picture 

studios. 311 

Electrolier control see Control^ 
reetricled^selective. 

switch, connections, etc. 244 

definition. 19 

single-pole, Code. 244 

types. 78 

Electromagnet, shell-type. 316 

Emergency cabinet, definition 357 

Indiana Theatre. 448 

Emergency circuit see Master 
circuit. 

LAMP, lighting energy. 350 

requirements....358 

lighting, separate circuits.. .. 203 

service hoard. 356 

connections. 350 

Energy, genera 1-lighting 

service. 353 

general-power service. 350 

Exciter. 298 

Exit sign lamps. 358 

Extension lamp wiring. 152 

Fan-motor switch. 251 

Feed wires. 187 

Feed-through switch. 15 

Feeder, definition. 2 

diagram, Indiana Theatre.... 453 
stage switchboard.367 
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Fire-engine house, lighting. 205 

Fixture wire, fusing. 118 

Flat-rate sign control. 316 

Float-switch. 298 

Floor-outlet box. 103 

Flush switch, application. 60 

bases. 37 

box. 103 

definition. 14 

four-way. 78 

installation. 105 

push-button. 13 

wiring diagrams. 65 

see also Stuip switch. 

Footlights, stage lights. 364 

wiring. 410 

Foub-point switch, defini¬ 
tion. 16 

illustration. 11 

Four-pole switch. 17 

Four-position, double-deck 

switch. 252 

Four-way switch circuit 

connections. 159 

description. 155 

Four-WAY switch, definition .. 18 

flush. 78 

revolving-blade. 70 

three-location control. 170 

two-location control. 163 

Frank Adam Electric Co., 


floor outlet box. 104 

front doorman’s cabinet.446 

general-power cabinet.430 

magazine cabinet. 434 

Major pilot board. 432 

switch. 391 

Major system. 397 

ON Major board equipment. . 406 
remote-control stage 

switchboard. 387 

remote board. 440 

remote-controlled switch. 279 

service cabinets. 428 

STAGS lights. 365 

pocket.. 352 

Front-doorman's cabinet, 

function. 362 

Indiana Theatre. 446 

Fuses, branch circuits. 122 

classification. 108 

emergency-lamp. 359 

enclosed. Ill 

remote-controlled switch. 299 

terminals. 91 

Fusing. 409 
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G 


Garage circuit control. 182 

General Electric Co. blbc- 
TROLiER switch, installa¬ 
tion . 59 

illustration. 246 

wiring. 249 

fan motor. 252 

General-lighting 

CABINET, description. 360 

Indiana Theatre. 428 

service. 350 

General-power 

CABINET, description. 356 

Indiana Theatre. 430 

service. 350 

Generator. 298 

Grand-master lever. 377 

Gridiron. 365 


H 


Hall uohts, restricted-control 

system. 173 

time switch control. 340 

wiring. 169 

Handles, knife switch. 29 

Hart Mpq. Co., binding post.. 34 

contactor insulation. 37 

distribution panel. 309 

door switch. 323 

double-throw switch. 297 

emergency lighting. 204 

indicating dial. 80 

relay. 295 

remote control circuit.289 

remote-controlled switch 

control. 299 

master. 313 

three-pole. 273 

two-pole. 286 

SWITCH cover. 38 

wiring. 66 

Hart & Hegeman Mpg. Co., 

momentary-contact switch. 66 

Heater switch, circuits. 244 

definition. 259 

kinds used. 260 

see also Series-paralld switch. 

Heating appliance. 108 

Hill-and-valley movement. 49 

Hinges, knife switch blade. 25 

Hospital, remote-control system 291 

Hotel-room door-bolt switch_328 

House bull switch. 367 

UQHT8 control. 405 
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Housb LZGBiB Continued, 

definition. 364 

MAIN. 393 

switch. 367 

MASTER SWITCH, definition.... 367 

function. 393 

pilot switch. 401 

Hutchings, O. H. on street lamp 

control. 318 


I 


Identification, conductors, see 
Conductors. 

Incandescent lamps circuits, 

remote-control.317 

pocket lights. 364 

Indiana Theatre, control 

cabinets.455 

cradle spots. 443 

emergency cabinet. 448 

feeder diagram. 453 

front doorman’s cabinet. 446 

general-lighting cabinet.428 

general-power cabinet.430 

magazine cabinet. 434 

Major pilot board.432 

remote board. 441 

panel, picture booth.450 

pilot board.451 

remote board. 440 

sign cabinet .449 

stage switchboard schedule. . 435 

WIMNQ plans.414 

specifications.. .410 

Indicating i^amps. Major pilot 

switch. 405 

three-way switch. 166 


Insurance requirements, see 
Code. 

J 


Jaws, knife switch. 25 

Jones, J. B., on single-pole 

switches. 102 

Jones, W. 8. on emergency 

lighting. 203 

K 

Kansas City Electric Light Co. 

on street lamp lighting. 152 

King, D. E., on remote control. 321 

Knife l)lade switch. 10 

Knife-handle switch. 13 

Knife switch, auxiliary con¬ 
tacts. 94 
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Knife switch. Continued , 

base.. 28 

BLADES, connections. 29 

current-carrying capacity.. 24 

classification, form. 30 

. voltage. 86 

connecting lugs. 27 

Conner aon. 136 

construction. 23 

cost. 32 

handles. 29 

Jaws, construction. 25 

turning, prevention. 91 

marking. 86 

nomenclature. 23 

8PACING8, barriers. 93 

minimum. 87 

troubles.... 31 

two-location control. 133 

universal master circuits. 227 

use. 127 

wiRiNo, Code rule . 99 

method. 27 

L 

Lament, L. H. & Co., three-way 

switch. 181 

Lamp-feed wire. 186 

Lamp lighting, three-wire 

system. 152 

Lamps, ceiling fixture. 310 

control, master circcit, 

single-location. 207 

two-location. 212 

CONTROL, moving picture 

studios.311 

MULTI-LOCATION.258 

remote-control system,.. 309 

seveial branches. 308 

three-location.147 

TWO-LOCATION, double- 

pole knife switch. 146 

pull switch. 62 

single-pole knife switch.. 133 

series-parallel connections- 145 

see also Arc lamps. 

Lead. 6 

Leg. 5 

Lever-blade switch. 11 

Lever, grand-master. 377 

pre-set master. 379 

SWITCH construction. 23 

snap. 48 

Lightinq circuit see Circuit. 

direct-control, cost. 301 

main see Main. 

remote-control, cost. 301 
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Liqbts, diming. 131 

stage switchboard control.... 364 

Link fuses. 109 

Live front switchboard. 371 

Load balancing, switch connec¬ 
tion, 132 

three-wire-neutral system.... 148 
Lobby basement, service boards 354 

cabinet.362 

Location control, definition. 203 

Lock-bolt, door, switch opera¬ 
tion. 330 

Lugs, connecting. 27 

M 

Magazine cabinet. 434 

CIBCCIT, connecting energy 

source.403 

definition. 368 

panel connection. 402 

definition. 368 

location. 381 

sub-feeder. 368 

SWITCH, definition. 368 

lever mechanism. 384 

Magnet switch. 270, 285 

Magnetic contactor. 285 

Main, definition. 3 

switch, emergency-cabinet,. . 357 
three-phase, load balancing.. 132 
Major, R. E., on Indiana Thea¬ 
tre wiring specifications.... 411 
remote-control stage switch¬ 
board. 387 

Major system, advantages.... 387 

circuit diagram. 395 

constant-circuit work lights. . 401 

dimmers. 390 

fusing. 409 

locking. 404 

magazine circuit connections 403 

PILOT BOARD feeding. 404 

iilustration. 388 

Indiana Theatre. 432 

PILOT SWITCH classification... 400 

indicating lamps. 405 

unit. 390 

pre-selection control. 387 

remote board, illustration... 389 

Indiana Theatre. 441 

switches. 398 

single lamp-group, circuit 

diagram. 392 

SWITCH connection. 403 

illustration.. 279 

Manual switchboard. 371 


Page 


Master circuit control, switch 312 

electrolier switch on. 258 

feeding. 235 

LAMPS, multi-location - c o n - 

trolled. 216 

one- and two-location-coii- 

trolled. 215 

part connected. 221 

single-location-controllod.. . 207 
two-location-controllcd,... 212 

old building, installation. 211 

stairway. 211 

straight, two location control 230 

switches. 240 

testing. 241 

three-wire system arrange¬ 
ment. 237 

connecHons. 232 

two branches. 220 

universal. 222 

use.205 

WIRING, C'ode re(]uiremen<s . . 207 

diagram, residence.215 

Master lever.377 

switch, definition. 20 

double-polo. 234 

location. 205 

pilot. 368 

remote-controlled. 312 

three-wire system. 232 

types. 207 

universal master circuit.... 225 

wiring. 228 

“Mercury’' time switch. 334 

Meter cutouts^. 112 

circuit around. 161 

service, two-rate, control.341 

Metropolitan Electric Mfg. 

Co., switch. 385 

switchboard.381 

Mogul receptacles. 122 

sockets. 122 

Momentary-contact switch, 

definition. 20 

operation. 54 

stage light control. 405 

two-circuit. 293 

Motor, theatre. 360 

Motor-generator control panel.. 356 

Movable contactors. 33 

Moving-picture theatre light 

control. 309 

Multi-deck swii’ches, defini¬ 
tion . 70 

electrolier. 247 

Multi-location control, elec¬ 
trolier switch. 258 

master circuit. 216 
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Mt7LTi*POX<8 SWITCH, applica¬ 
tions. 134 

circuit. 127 

knife blades. 29 

remote-controlled, master_ 314 

Mutual Elbctbic & Machinb 

Co., dimmer bank. 407 

magazine switch. 386 

switch levers. 383 

switchboard, stage. 370 


N 

National Electrical Code, see 


Code. 

Night-and-day lamp. 141 

N-pole switch. 17 

No-volt ago release. 298 

O 

“Off circuit”. 158 

Oil switch. 321 

One-button switch, door. 53 

snap. 43 


One-point switch see Sin(jl&-point 
switch. 

One-pole switch see Single^pole 


switch. 

Oscillating blade switch. 10 

Outdoor signs, control. 339 

Overload release. 298 

P 

Panel board. 22 

box. 228 

Indiana Theatre. 454 

picture booth cabinet. 450 

* ‘ Paragon ’ ’ time switch. 334 

Parallel switch. 262 

Pendent switch application... 62 

definition. 14 

Phase wire. 5 

Pic?ruRB-BOOTH CABINET, de¬ 
scription. 362 

panel.450 

Pierce Electric Co., feeder 

diagram.453 

on wiring specifications.411 

wiring plans. 415 

Pilot BOARD, definition. 368 

Indiana theatre. 451 

Major system. 388 

Pilot lamp, double-pole switch 141 

three-way switch. 166 

Pilot switch, individual. 368 

wiring diagram. 392 


l^AOE 


Pluo connectors. 108 

cutout, master circuit. 226 

neutral-wire. 120 

stage pocket. 353 

Pocket lights, incandescent.364 

Polarity identification, marked 

wire. 124 

opposite, spacings. 90 

Polarity-type distribution paxiel 402 
Poultry houses, time switch 

control.341 

“Power Plant Engineering,” 
Jones, W. S., on emergency 

lighting. 203 

Prb-bblbctive control.387 

switchboard operation. 383 

Pre-set master levers. 379 

stage switchboard.381 

Pressure regulator. 298 

Primary circuit, remote control 321 
Prinole Electrical Mfo. Co., 


stage switchboard. 375 

Proscenium lights, descrip¬ 
tion. 364 

wiring. 410 

Pull switch, canopy. 65 

definition. 13 

surface. 57 

PusH-BUTi’ON switch, classifi¬ 
cation . 43 

definition... 13 

pendent. 63 

Q 

Quick-break switch, knife.... 94 

stage switchboard. 386 

R 

Raceway-work sul>-bases. 108 

Railway stations, time switch. . 341 

Receptacles, installation.103 

Reciprocating-blade switch . . 12 

Relay. 294 

Release, no-voltage.. 298 

overload.298 

Release-catch switch. 45 

Remote-and direct-control sys¬ 
tem, combined. 314 

Remote BOARD, definition.367 

Indiana Theatre. 440 

Major system. 389 

Remote-control, circuits.321 

distribution panel. 309 

series circuit. 317 

several branch circuits. 308 
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Rumotb-oontrol, Continued, 


Series-parallbl Continued. 


stage switchboard 


387 

switch, connections 

78 

street lamps 


318 

definition 

263 

switch 


270 

see also Heater bwitch. 


8WITCHBOABD, defimtion 


366 

Senes switch, definition 

262 

description 


371 

Service boards location 

354 

BT8TBM, cost 


301 

connection, definition 

4 

hospital 


291 

FUSE, enclosure 

116 

Wire sa\ing 


307 

theatre 

353 

Rlmotb-tontrolled switch 


switch, application 

94 

clapper type 


276 

defimtion 

20 

COKTROI/ CIRCUITS, defimtion 

287 

three-wire-syst em 

148 

protection 


299 

wires, theatie 

348 

currents 


276 

Shop cabinet 

363 

dehmtion 


270 

Short circuit 

1 

drilling dimensions 


278 

Show-window lights, re¬ 


master 


312 

stricted-control 

173 

mo\ing picture studios 


311 

time switch, control 

i40 

oil 


321 

Side, circuit 

5 

operation 


292 

Sign oabtnpt, Indiana theitre 

449 

prices 


316 

use 

361 

sign control 


316 

Signalling installation 

17 

single-polo 


39S 

Signs, remote-controlled 

116 

THRBE-POUE illustration 


283 

time switch control 

339 

operation 


272 

SlNGLF - location - CONTROII ED 


two-pole 


281 

LAMPS, master circuit 

207 

Residence, circuits 

and 


universal m istonng 

223 

switches front. 



SiNGLE-poiNi switch, definition 

16 

wiring diagiam, master 

cir- 


illustration 

11 

cult 


221 

SiNGLE-POLI switch 


Return wire 


185 

circuits 

127 

REVOLVINCr-BLADf SWITf H, 

defi- 


COMBINED, use 

251 

nition 


10 

with electrolier switc h 

254 

four-wdv 


76 

connections 

128 

Opel a ti on 


19 

CON FROL, double-pole siMteh 

137 

three-way 


73 

three-location 

147 

Rich, C A , on switch installa- 


individual lamp-groups, cir¬ 


tion 


321 

cuit 

239 

Rigging loft 


365 

two-location 

165 

Rosettes, fused 


122 

damp places 

100 

Rotary-button switch, 

Can- 


definition 

17 

opy 


64 

dooi-bolt 

329 

definition 


13 

heater 

263 

surface 


39 

in mastered circuit 

240 




master 

216 

S 



operating remote-controlled 





switch 

292 

“Saturday night overtime” 


remote-controlled 

398 

device 


336 

service switch 

100 

Screws, supporting bases 


87 

snap 

67 

Season changing device. 

time 


Single-throw switch, defini¬ 


switch 


337 

tion 

18 

Secondary circuit, remote-con- 


installation 

99 

trol 


321 

Sliding door, switch installation 329 

Series lamp circuit, remote 


Smith, F. H , on feeders 

317 

control 


317 

Snap switch, apphcation 

60 

time switch control 


341 

base 

37 

8eries-pabat.t £l control 


140 

Code recommendation 

107 
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Snap switch, Continued * 

binding-posts. 265 

button. 38 

circuit connection. 66 

conducting parts. 33 

constant-circuit. 401 

covers. 38 

definition. 15 

DOUBLE-POLE, Connection., . . 135 

construction. 71 

electrolier. 78 

forms. 58 

four-way. 76 

handle. 38 

heater. 260 

indicating. 80 

insulating material. 37 

lever-type. 48 

MECHANISM, description. 32 

operation. 38 

momentary-contact. 54 

multi-deck. 247 

non-indicating. 80 

one-button. 43 

pendent. 62 

push-button. 43 

release-catch typo. 45 

revolving-blade. 39 

rotating-button. 39 

series-pnrallel. 78 

single-pole. 67 

straight-through. 63 

sub-base support. 107 

tandem two-button. 48 

terminals. 265 

tests. SI 

three-polo. 73 

three-way. 73 

two-button. 45 

wiring. 65 

see also Surface switch , Flush 
switch . 

Sockets, keyless. 207 

Solenoid door-bolt switch.. . . 323 

Specification, wiring. 410 

Spot lights. 365 

Sprague Electric Works, inter¬ 
locking switchboard.378 

Stage basement service boards 354 

bull switch. 367 

LIGHTS, control. 405 

definition. 364 

distribution panel. 309 

pilot switch. 401 

pocket. 352 

SWITCHBOARD circuit control.. 369 

circuits, fusing. 409 

classification. 372 


Paob 


Stage switchboard, Continued, 

description. 364 

dimmers. 381 

feeders. 367 

interlocking. 375 

lights. 364 

magazine panel. 381 

switches. 385 

nomenclature.367 

non-interlocking. 372 

pre-»elective. 383 

pre-set. 381 

REMOTE-CONTROL, defini¬ 
tion . 371 

principal type. 387 

schedule, Indiana Theatre. 436 

Stage-main switch. 367 

Stage-master switch. 367 

Stairway lighting, Carter 

system. 197 

master circuit. 211 

restricted-selective. 177 

Stationary contactors. 33 

“Standard For Snap 
Switches,“Underwriters' 
Laboratories, on tempera¬ 
ture rise. 24 

test specifications. 81 

Standard system, master 

circuit. 230 

switch circuit wiring. 192 

Stop, switch. 27 

Storage-battery circuit. 351 

switch control. 298 

Storerooms, three-way switch 

circuits. 181 

Straight master circuit. 206 

Straight mastering, singlo- 

location-control. 207 

three-1 ocation-oontrol. 216 

two-location control. 231 

Straight-through switch, 

definition. 14 

illustration. 63 

Street lamps, remote control 318 

time switch control. 341 

Sub-base, definition. 21 

supporting switches. 107 

Sub-feeder. 3 

Sub-main. 3 

Sub-master pilot switch, 

circuit diagram. 393 

definition. 368 

Sunday shut-off device. 336 

Stindh Electric Co., remote- 
controlled SWITCH, illus¬ 
tration . 283 

price and ratings. 315 
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SuHFACX SWITCH, application 60 


bases. 37 

definition. 14 

illustration. 10 

indicating. 97 

three-pole. 73 

three-way. 73 

wiring. 68 

see also Snap switch. 

Switch base. 87 

BLADES, locking. 26 

mechanism. 10 

CIRCUIT connections. 15 

multi-pole. 127 

restricted-control. 173 

single-pole. 127 

classification. 7 

combinations, Carter system 194 

commutating..,,. 76 

CONNECTION, Carter system 229 

Major system.403 

construction. 23 

definition. 7 

feed wire. 185 

four-location control. 147 

FOUR-POINT, definition. 16 

illustration. 11 

fusing. 91 

installation. 98 

magnetic. 285 

Major pilot. 400 

momentary-contact. 288 

mounting design. 14 

nomenclature. 1 

one-point see Switch, single¬ 
point. 

operating method. 12 

position. 15 

remote-controlled, see Remote. 

service. 94 

SINGLE-POINT, definition. 16 

illustration. 11 

small-residence. front. 

special. 241 

stop. 27 

symbols.. 7 

temperature rise. 24 

terminal. 27 

three-location control. 147 

THREE-POINT, definition. 16 

illustration. 11 

three-position electrolier. 245 

travelers... 185 

two-location control. 146 

TWO-POINT, definition. 16 

illustration.. 11 

tjrpes. 385 


Page 

Switch, Continued, 
see also entries under Knife, 


Snap, Single-pole etc. 
Switchboard, remote-control.. 366 
see also Stage switchboard. 
Switch-lock-out device. 337 

T 

Tandem switch. 48 

Tank switch. 298 

Tap circuit, definition. 3 

fusing. 120 

Temperature rise, switch....... 24 

Terminal plates, see Binding 
posts. 

Terminals, enclosed fuse. 113 

loose. 31 

snap switch marking. 265 

Theatre circuit layout. 355 

dimmers. 406 

lighting. 348 

Thermostatic regulator. 298 

Three- and four-way switch 

connections. 229 

T H R E B-CIRCUIT ELECTROLIER 

SWITCH, using fan switch 251 

wiring. 256 

Three-deck switch. 70 

Three-location control circuit, 

conductor. 190 

Three-location-con trolled lamp- 

group, straight mastering.. 216 
Three-phase mains, load balanc¬ 
ing. 132 

Thueb-point switch, definition 16 
fan-motor, used as electrolier 251 

illustration. 11 

Three-pole switch, definition 17 

double-throw. 149 

REMOTE-CONTROLLED, clappCr 276 

straight-line. 272 

snap. 73 


Three-position, two-point switch 245 
Three»-wa Y and four-way 

switch, two-location control 165 
switch as single-pole. Code 


rule. 103 

utilization. 155 

SWITCH circuit, by-passing 

meter. 161 

conductors. 185 

connections. 76 

CONTROL, garage. 182 

restricted. 174 

discussion... 155 

indicating lamps. 166 

stairway lamps. 180 
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TBrxxkwat switch ciBCTHT, €ont*d. 


testing. 186 

wiring. 158 

SWITCH, definition. 18 

flush. 74 

revolving-blade. 73 

surface. 73 

wiring. 161 

Thrbb-wirk, four-branch in¬ 
stallation, master circuit... 234 

SYSTEM, d.c. 5 

lamp lighting. 152 

MASTER CIRCUIT, arrange¬ 
ment.237 

diagrams. 232 

service switch.148 

single-pole switch. 101 

Throw-over switch, automatic 297 

manual. 149 

Time switch circuits. 270 

Code requirements. 344 

controlling remote-controlled 

switch.298 

definition.330 

Toggle SWITCH, definition. 13 

operation. 58 

Topeka Edison Co., on flat-rate 

sign control.316 

Transfer switch.149 

Transformer, circuit control.... 342 

Traveler, definition. 5 

Trumbull Electric Mfg. Co., 
service entrance devices.... 96 

single-polo switch. 69 

stage switchboard.372 

Tumbler switch, Toggle 

switch. 

Two-button snap HW'it<’h. 45 

Two-circuit, four-position elec¬ 
trolier switch. 248 

momentary contact switch... 298 
Two-location control, long 

cord. 02 

of master circuit. 231 

on master circuit. 212 

single-pole switches. 133 

Two-5*oint switch, definition.. 16 

illustration. 11 

Two-pole switch, see Douhle^pole. 

Two-position, definition. 39 

Two-rate meter service control 341 


U 

Underwriters’ Laboratories, 


ON temperature rise. 24 

teat specifications. 81 

Underwriters' requirements.... 85 
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Universal master circuit, 

definition. 206 

diagram. 223 

V 

Vacuum cleaner motor. 183 

Voltage, theatre. 353 

W 

Wall lamps. 359 

Wall-type switch. 60 

Warehouses three-way switch 

installation. 181 

Warming coil, time switch.337 

Wattage, dimmer plate. 408 

Wire connection, knife switches 27 

permanently grounded.118 

polarity identification mark¬ 
ings. 124 

saving, Carter system. 193 

direct-control system. 307 

double-pole switch. 138 

remote-control system. .289, 307 

ungrounded service. 98 

Wire-size, change, fusing. 117 

Wiring aisle-light fixture.359 

border lights.410 

Code violation. 194 

DIAGRAM, Carter system .... 191 

electrolier switch.249 

flush switch. 65 

master-circuit, rc.ridence 215 

three-wire systems. 232 

universal-control.223 

pilot switch.392 

remote-controlled master 

switch. 314 

snap switch. 65 

surface switch. 68 

symbols. 8 

extension lamp. 152 

footlights. 410 

lay-out, three-way switch 

circuit. 159 

master-circuit, Code re¬ 
quirements . 207 

completed building. 228 

plans, Indiana theatre. 414 

proscenium lights. 410 

remote-control system. 291 

vacuum cleaner motor. 183 

specifications, Indiana thea¬ 
tre. 410 

three- and four-way switch 

circuits. 192 

three-way switch circuits. 158 
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“Wiring for Light and Power/’ 

T. Croft, on heater switches 262 
Worcester Electric Light Co., on 

lamp circuits. 317 

Work lights, constant-circuit 401 
definition. 365 


Paqv 

Wynkoop, H. S, on stage 


switchboards. 371 

Y 

Yard wires. 94 








